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An extended-spectrum cephalosporin 


with the benefits of three generations 
—and more 





1 Once-a-day’ 


The cephalosporin with the longest plasma half-life (5.8-8.7 hours) as studied in 
healthy adult subjects—unmatched by any other 


2 24-hr kill power’ 


Plasma levels remain above MBC.,,s of common pathogens for 24 hours 


3 Broad and practical spectrum’ 


24-hr activity against a wide range of susce 


ptible strains of gram-positive and 
gram-negative organisms 





6 Cost effective 


Substantial savings provided by once-a-day dosage and reduced administration costs 
—-outpatient management offers an additional opportunity for cost containment 


References: Please see complete product information on reverse side. 


1. Data on file, Hoffmann-La Roche Inc. 
2. Cleeland R., Squires E: Am J Med 77:3-11. Oct 19, 1984. 
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DESCRIFTION: Rocephin® (ceftriaxone sodium/Roche) is a sterile, semisynthetic, broad-spectrum cephalo- 
sporin antibiotic for intravenous or intramuscular administration. Ceftriaxone sodium is 5-Thia-1-azabicy- 
ll 2 oc 2 ene Z carbon acid, 7-1\(2-amnine-& thiazoly)) (methoxyiminojacetyi amino}-8-0x0-3- 
((. 5 6-tetranydro-2-methyl-5 ,6-dioxo-1,2,4-triazin-3-yl}thio]methyl]-, disodium salt, [ R-[6a. 7B(Z)]]-. 
The chemical formula of ceftriaxone sodium is Cig Hyg Na Naz O7 S3 3.5 H20. It has a calculated molecular 
_ weight of 661.59 and the following structural formula: 
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Rocephin is a white to yellowish-orange crystalline powder which is readily soluble in water, sparingly soluble 

in methanol and very slightly soluble in ethanol. The pH of a 1% aqueous solution is pe eag. 6.7. The 

color of Rocephin solutions ranges from light yellow to amber, depending on the length of storage, concentra- 

tion and diluent used. 

Rocephin contains approximately 83 mg (3.6 mEq) of sodium per gram of ceftriaxone activity. 

CLINICAL PHARMACOLOGY: Average plasma concentrations of ceftriaxone following a single 30-minute intra- 
Ees (V) infusion of a 0.5, 1 or 2 gm dose and intramuscular (1.M.) administration of a single 0.5 or 1 gm 

_ dose in healthy subjects are presented in Table 1. 

EA l TABLE 1 

mei Ceftriaxone Plasma Concentrations After Single Dose Administration 

oe 9se/Route Average Plasma Concentrations (mcg/ml) 

f 0.5 hr ihr 2hr 4hr 6hr 8 hr 12 hr 16 hr 24 hr 
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*1.V. doses were infused at a constant rate over 30 minutes. 
tND = Not determined. 
Ceftriaxone was completely absorbed following |.M. administration with mean maximum plasma concentra- 
tions occurring between two and three hours postdosing. Multiple |.V. or I.M. doses ranging from 0.5 to 2 gm 
at 12 to 24-hour intervals resulted in 15 to 36% accumulation of ceftriaxone above single dose values. 

i Ceftriaxone concentrations in urine are high, as shown in Table 2. 

PS TABLE 2 

Urinary Concentrations of Ceftriaxone After Single Dose Administration 


Average Urinary Concentrations (mcg/ml) 


































02m 24h 48h  8A2hr  12-24hr 24-48 hr 
Somiv. 526 366 142 87 70 15 
5.5 gm LM. 115 425 308 127 96 28 
i gm |. 995 855 293 147 132 32 
tom IM 504 628 418 237 ND” ND 
2 gin L.V 2692 1976 757 274 198 40 





ND = Not determined. 
irtv-thee to 57% of a ceftriaxone dose was excreted in the urine as unchanged drug and the remainder was 
poreted in the bile and ultimately found in the feces as microbiologically inactive compounds. After a 1 gm I.V. 
dose, ee iag of ceftriaxone, determined from one to three hours after dosing. were 581 mcg/ 
mi in the gallbladder bile, 788 mcg/ml in the common duct bile, 898 mcg/ml in the cystic duct biie, 78.2 mcg/ 
gm in the gallbiadder wall and 621 mcg/ml in the concurrent plasma. 

Wer a 015 to 3 gm dose range in healthy adult cae the values of elimination half-life ranged from 5.8 to 
8.7 hours; apparent volume of distribution from 5.78 to 13.5 L; plasma clearance from 0.58 to 1.45 L/hour, 
‘and renai clearance from 0.32 to 0.73 hour. Ceftriaxone is reversibly bound to human plasma proteins, and 

Ne “ye “alm from a value of 95% bound at plasma concentrations of <25 mcg/ml to a value of 85% 
ound meg/mi. 

The values of maximum plasma concentration, elimination half-life, plasma clearance and volume of 
tribution after a 50 mg/kg |.V. dose and after a 75 mg/kg I.V. dose in pediatric patients suffering from bac- 
grial meningitis are shown in Table 3. Ceftriaxone penetrated the inflamed meninges of infants and children; 

SF concentrations after a 50 mg/kg |.V. dose and after a 75 mg/kg l-V. dose are also shown in Table 3. 

TABLE 3 
Average Pharmacokinetic Parameters of Ceftriaxone 
in Pediatric Patients with Meningitis 


>S 50 mg/kg I.V. 75 mg'kg I.V. 
imum Plasma Concentrations (mcg/ml) 216 275 
ination Half-life (hr) 4.6 4.3 
Plasma Clearance (ml/hr/kg) 49 60 
¥ jume af Distribution (ml/kg) 338 373 
| Gr Sinan ag + 4 
meninges (mcg/m j 5. 
Range (mcg 13-185 13-44 
Time after cose (hr) 3.7 (+1.6) 3.3 (+1.4) 


‘npared to that in healthy adult subjects, the pharmacokinetics of ceftriaxone were only minirrally altered in 
erly subjects and in patients with renal impairment or hepatic dysfunction (Table 4); therefore, dosage ad- 
are not necessary for these patients with ceftriaxone dosages up to 2 gm per day. Ceftriaxone was 
removed to any significant extent from the plasma by hemodialysis. in 6 of 26 dialysis patients, the elim- 

rate of ceftriaxone was markedly reduced, sugg@gcing that plasma concentrations of ceftnaxone should 
niiored in these patients to determine if dosage adgstments are necessary. 


TABLE 4 
Average Pharmacokinetic Parameters of Ceftriaxone in Humans 





Subject Elimination Plasma Volume of 
Group Half-Life Clearance Distribution 
(hr) (Uhr) (L) 
zalthy Subjects 5.8-8.7 0.58-1.45 5.8-13.5 
iderly Subjects (mean age, 70.5 yr) 8.9 0.83 10.7 
tientsawith renal impairment n 
Hemadi patients 
\_ (05 mimin)’ 14.7 0.65 13.7 
Severe (5-15 ml/min) 15.7 0.56 12.5 
Moderate (76-30 ml/min) 11.4 0.72 11.8 
iMild (31-60 ml/min) 12.4 0.70 13.3 
itientswith liver disease 8.8 1.1 13.6 
featinine clearance. 
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OGY: Thé bactericidal activity of ceftriaxone results from inhibition of cell wall ssnthesis. Ceftri- 
Be has a high degree of stability in the presence of beta-lactamases, both penicillinases nd cephalospo- 
fases, of gram-negative and gram-positive bacteria. Ceftriaxone is usually active against the following 
icroorganisms in vitro and in clinical infections (see Indications and Usage): 
GRAM-NEGATIVE AEROBES: Enterobacter aerogenes, Enterobacter cloacae, Escheriahia coli, 4aemophilus in- 
fluenzae (including ampicillin-resistant strains), H. parainfluenzae, Klebsiella species (including K. preumo- 
niae), Neisseria gonorrhoeae (including penicillinase and nonpenicillinase producing strains), Neisseria 
meningitidis, Proteus mirabilis, Proteus vulgaris, Morganella morganii and Serratia marcescers. 
Note: Many strains of the above organisms that are multiply resistant to other antibiotics, «.g., penicillins, 
cephalosporins and aminoglycosides, are susceptible to ceftriaxone sodium. 
Ceftriaxone is also active against many strains of Pseudomonas aeruginosa. 
GRAM-POSITIVE AEROBES: Staphylococcus aureus (including penicillinase-produeing straims) and Staphy- 
lococcus epidermidis (Note: methicillin-resistant staphylococci are resistant to cephalosporins, including cef- 
triaxone), Streptococcus pyogenes (Group A beta-hemolytic streptococci), Streptoceccus ageactiae (Group B 
streptococci) and Streptococcus pneumoniae. (Note: Most strains of enterococci, Streptococcus faecalis and 
Group D streptococci are resistant.) 
Ceftriaxone also demonstrates in vitro activity against the following microorganisms. althoughthe clinical sig- 
nificance is unknown: 
GRAM-NEGATIVE AEROBES: Citrobacter freundii, Citrobacter diversus, Providencia-species äncluding Provi- 
dencia rettgeri), Salmonella species (including S. typhi), Shigella species and Acinetobacter cãcoaceticus. 
ANAEROBES: Bacteroides species, Clostridium species (Note: most strains of C. difficile are resistant). 
SUSCEPTIBILITY TESTING: Standard susceptibility disk method. Quantitative methods that require mea- 
surement of zone diameters give the most precise estimate of antibiotic susceptibility. One such procedure 
(Bauer AW, Kirby WMM, Sherris JC, Turck M: Antibiotic Susceptibility basen aStandarezed Single Disk 
Method, Am J Clin Pathol 45:493-496, 1966; Standardized Disk Susceptibility Test, Federal Rister 39:19182- 
19184, 1974; National Committee for Clinical Laboratory Standards, Approved Standard: ASM.2, Performance 
Standards for Antimicrobial Disk Susceptibility Tests, July 1975.) has been recommended for se with disks to 
test susceptibility to ceftriaxone. 
Laboratory results of the standardized single-disk susceptibility test using a 30-mcg ceftriaxone disk should be 
interpreted according to the following three criteria: 
1. Susceptible organisms produce zones of 18 mm or greater, indicating that the tested organism is likely to 
respond to therapy. 
2. Organisms that produce zones of 14 to 17 mm are expected to be susceptible if a high dosage (not to exceed 
4 gm per day) is used or if the infection is confined to tissues and fluids Am _ grine), in whieh high antibiotic 
tevels are attained. 
3. Resistant organisms produce zones of 13 mm or less, indicating that other therapy should 3e selected. 
Organisms should be tested with the ceftriaxone disk, since ceftriaxone has been shown by inwitro tests to be 
active against certain strains found resistant to cephalosporin class disks. 
Organisms having zones of less than 18 mm around the cephalothin disk are not necessarilwof intermediate 
susceptibility or resistant to ceftriaxone. 
Standardized procedures require use of control organisms. The 30-mcg ceftriaxonesdisk shoald give zone di- 
ameters between 29 and 35 mm, 22 and 28 mm and 17 and 23 mm for the reference strans £. coli ATCO a 
95922, S. aureus ATCC 25923 and P aeruginosa ATCC 27853, respectively. 
DILUTION TECHNIQUES: Based on the pharmacokinetic profile of ceftriaxone, @ bacterial isolate may be con- 
sidered susceptible if the MIC value for ceftriaxone is not more than 16 mcg/ml. Organisms are considered 
resistant to ceftriaxone if the MIC is equal to or greater than 64 mcg/ml. Organisms having an MIC value of 
less than 64 mcg/ml, but greater than 1 mcg/ml, are expected to be susceptible f a iigh dosaee (not to exceed 
4 gm per day) is used or if the infection is confined to tissues and fluids (e.g., urine), in whic high antibiotic 
levels are attained. 
E. coli ATCC 25922, S. aureus ATCC 25923 and P aeruginosa ATCC 27853 are also the recommended reference 
strains for controlling ceftriaxone dilution tests. Greater than 95% of MICs for the. coli strain should fall within 
the range of 0.016 to 0.5 mcg/ml. The range for the S. aureus strain should be 1 to 2 mcg/ml, while for the 
P aeruginosa strain the range should be 8 to 64 meg/ml. 
INDICATIONS AND USAGE: Rocephin is indicated for the treatment of the followng infections when caused by 
susceptible organisms: 
LOWER RESPIRATORY TRACT INFECTIONS caused by Strep. pneumoniae, Streptococcus species (excluding 
enterococci), Staph. aureus, H. influenzae, H. parainfluenzae, Klebsiella species (including Æ pneumoniae), 
E. coli, E. aerogenes, Proteus mirabilis and Serratia marcescens. 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus, Staph. epidermidis, Streptococcus spe- 
cies (excluding enterococci), E. cloacae, Klebsiella species (including K. pneumoniae), Protess mirabilis and 
Pseudomonas aeruginosa. 
URINARY TRACT INFECTIONS (complicated Pe pl ath ol caused by E. coli, Proteus mirabilis, Proteus 
vulgaris, M. morganii and Klebsiella species (including K. pneumoniae). 
UNCOMPLICATED GONORRHEA (cervical/urethral and rectal) caused by Neissera gonorrhoeae, including both 
penicillinase and nonpenicillinase producing strains. 
PELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae. 
BACTERIAL SEPTICEMIA caused by Staph. aureus, Strep. pneumoniae: E. coli, H. influenzae and. 
K. pneumoniae. 
BONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. pneumoniae, Streptococcus species (exclud- 
ing enterococci), E. coli, P mirabilis, K. pneumoniae and Enterobacter species. 
INTRA-ABDOMINAL INFECTIONS caused by E. coli and K. pneumoniae. 
MENINGITIS caused by H. influenzae, N. meningitidis and Strep. pneumoniae. Ceftriaxone has also been used 
ew in a limited number of cases of meningitis and shunt infections caused dy Staph_epidermidis and 
. coli. 
PROPHYLAXIS: The administration of a single dose of ceftriaxone preoperatively may reducethe incidence of 
postoperative infections in patients undergoing coronary artery bypass surgery. Although ceftaxone has been 
shown to have been as effective as cefazolin in the prevention of infection following coronany artery . 
surgery, no placebo-controlled trials have been conducted to evaluate any cephalosporin antaiotic in the pre- 
vention of infection following coronary artery bypass surgery. 
SUSCEPTIBILITY TESTING: Before instituting treatment with Rocephin, appropriatespecimers should be ob- 
tained for isolation of the causative organism and for determination of its susceptibility to the drug. Therapy 
may be instituted prior to obtaining results of susceptibility testing. 
CONTRAINDICATIONS: Rocephin is contraindicated in patients with known allergy to the cephalosporin class 
of antibiotics. 
WARNINGS: BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO 
DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALO- 
SPORINS, PENICILLINS OR OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN GAUTIOUSLY TO PENICIL- 
LIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TD ANY PATIENT 
WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. SERIÐUS ACUTE HY- 
PERSENSITIVITY REACTIONS MAY REQUIRE THE USE OF SUBCUTANEOUS EPINEPHRINE AND OTHER 
EMERGENCY MEASURES. 
Pseudomembranous colitis has been reported with the use of cephalosporins (and other broai-spectrum anti- 
biotics); therefore, it is important to consider its diagnosis in patients who develop diarrhea ir association with 
antibiotic use. 
Treatment with broad-spectrum antibiotics alters the normal flora of the colon and may perrait overgrowth of 
clostridia. Studies indicate a toxin bere by Clostridium difficile is one prinary Cause of antibiotic-associ- 
ated colitis. Cholestyramine and colestipol resins have been shown to bind to the toxin in vitra. 
Mild cases of colitis respond to drug discontinuance alone. Moderate to severe cases should 3e managed with 
fluid, electrolyte and protein supplementation as indicated. 
When the colitis is not relieved by drug discontinuance or when it is severe, oral vancomycie is the treatment 
of choice for antibiotic-associated pseudomembranous colitis produced by C. difficile. Othercauses of colitis 
should also be considered. 
PRECAUTIONS: GENERAL: Although transient elevations of BUN and serum creatinine have Been observed, at 
the recommended dosages, the nephrotoxic potential of Rocephin is similar to ‘hat of other cephalosporins. 
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ROCEPHIN* (ceftriaxone sodium/Roche) 


Ceftriaxone is excreted via both biliary and renal excretion (see Clinical Pharmacology). Therefore, 
renal failure normally require no adjustment in dosage when usual doses of Rocephin are administ 
concentrations of drug in the serum should be monitored periodically. If evidence of accumulation exists, 
age should be decreased accordingly. 

Dosage adjustments should not be necessary in patients with hepatic dysfunction; however, in patients with 
both hepatic dysfunction and significant renal disease, Rocephin dosage should not exceed 2 gm daily without 
close monitoring of serum concentrations. 

Alterations in prothrombin times have occurred rarely in patients treated with Rocephin. Patients with impaired 
vitamin K is or low vitamin K stores (e.g., chronic hepatic disease and malnutrition) may require mon- 
itoring of prothrombin time during Rocephin treatment. Vitamin K administration (10 mg weekly) may be nec- 
essary if the prothrombin time is prolonged before or during therapy. 

Prolonged use of Rocephin result in overgrowth of nonsusceptibie organisms. Careful observation of the 
patient is essential. If superinfection occurs during therapy, appropriate measures should be taken. 

Rocephin should be prescribed with caution in individuals with a history of gastrointestinal disease, especially 
Colitis 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: 

Carcinogenesis: Considering the maximum duration of treatment and the class of the compound, carcinogen- 
icity studies with ceftriaxone in animals have not been performed. The maximum duration of animal toxicity 
studies was six months. 

Mutagenesis: Genetic toxicology tests included the Ames test, a micronucleus test and a test for chromosomal 
aberrations in human lymphocytes cultured in vitro with ceftriaxone. Ceftriaxone showed no potential for mu- 
tagenic activity in these studies. 

Impairment of Fertility: Ceftriaxone produced no impairment of fertility when given intravenously to rats at daily 
doses up to 586 mg/kg/day, approximately 20 times the recommended clinical dose of 2 gm/day. 
PREGNANCY: Teratogenic Effects: Pregnancy Category B. Reproductive studies have been performed in mice 
and rats at doses up to 20 times the usual human dose and have no evidence of embryotoxicity, fetotoxicity or 
teratogenicity. In primates, no embryotoxicity or teratogenicity was demonstrated at a dose approximately three 
times the human dose. 

There are, however, no adequate and well-controlled studies in pregnant women. Because animal reproductive 
studies are not always predictive of human response, this drug should be used during pregnancy only if clearly 


Nonteratogenic Effects: In rats, in the Segment | (fertility and general reproduction) and Segment |!! (perinatal 

and postnatal) studies with intravenously administered ceftriaxone, no adverse effects were noted on various 

reproductive parameters during gestation and lactation, including postnatal growth, functional behavior and 

reproductive ability of the offspring, at doses of 586 mg/kg/day or less. 

NURSING MOTHERS: Low concentrations of ceftriaxone are excreted in human milk. Caution should be ex- 

ercised when Rocephin is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness of in in neonates, infants and children have beensestablished 

for the dosages described in the Dosage and Administration section. 

ADVERSE REACTIONS: Rocephin is generally well tolerated. In clinical trials, the following adverse reactions, 

which were considered to be related to Rocephin therapy or of uncertain etiology, were observed: 

LOCAL REACTIONS — pain, induration or tenderness at the site of injection (1%). Less frequently reported 

(less than 1%) was itis after |.V. administration. 

HYPERSENSITIVITY — rash (1.7%). Less frequently reported (less than 1%) were pruritus, fever er chills. 

HEMATOLOGIC — eosinophilia (6%), thrombocytosis (5.1%) and leukopenia (21%). Less frequently reported 

og than 1%) were anemia, neutropenia, lymphopenia, thrombocytopenia and prolongation of the prothrom- 
n time. 

GASTROINTESTINAL — diarrhea (2.7%). Less frequently reported (less than 1%) were nausea or vomiting, 

and dysgeusia. 


HEPATIC — elevations of SGOT (31%) or SGPT (3.3%). Less frequently reported (less than 1%) were eleva- 
tions of alkaline phosphatase and bilirubin. 

RENAL — elevations of the BUN (1.2%). Less frequently reported (less than 1%) were elevations of creatinine 
and the presence of casts in the urine. 

CENTRAL NERVOUS SYSTEM — headache or dizziness were reported occasionally (less than 1%). 
GENITOURINARY — moniliasis or vaginitis were reported occasionally (less than 1%). 

MISCELLANEOUS — diaphoresis and flushing were reported occasionally (less than 1%). 

Other rarely observed adverse reactions (less than 0.1%) include leukocytosis, lymphocytosis, menocytosis, 
basophilia, a decrease in the prothrombin time, jaundice, glycosuria, hematuria, bronchospasm, serum sick- 
ness, abdominal pain, colitis, flatulence, dyspepsia, palpitations and epistaxis. 

DOSAGE AND ADMINISTRATION: Rocephin may be administered intravenously or intramuscularly. The usual 
adult daily dose is 1 to 2 gm given once a day (or in e m divided doses twice a day) depending on the type 
and severity of the infection. The total daily dose should not exceed 4 grams. 

For the treatment of serious miscellaneous infections in children, other than meningitis, the recommended total 
daily dose is 50 to 75 mg/kg (not to exceed 2 grams), given in divided doses every 12 hours. 

Generally, Rocephin therapy should be continued for at least two after the signs and symptoms of infection 
have disappeared. The usual duration is 4 to 14 days; in complicated infections longer therapy may be required. 
In the treatment of meningitis, a daily dose of 100 mg/kg (not to exceed 4 grams), given in divided doses every 
12 hours, should be administered with or without a loading dose of 75 mg/kg. 

For the treatment of uncomplicated gonococcal infections, a single intramuscular dose of 250 mg is 
recommended 


For preoperative use (surgical prophylaxis), a single dose of 1 gm administered 1/2 to 2 hours before surgery 
is recommended. 

When treating infections caused by Streptococcus pyogenes, therapy should be continued for at leastten days. 
No dosage adjustment is necessary for patients with impairment of renal or hepatic function; however, blood 
levels should be monitored in patients with severe renal impairment (e.g. , dialysis patients) and in patients with 
both renal and hepatic dysfunctions. 

DIRECTIONS FOR USE: /NTRAMUSCULAR ADMINISTRATION: Reconstitute Rocephin powder withthe appro- 
priate diluent (see Compatibility-Stability section). 


Vial Dosage Size Amount of Diluent to be Added 
250 mg 0.9 mi 
500 mg 1.8 ml 
1gm 3.6 ml 
29m 7.2 ml 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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of sõlution contains approximately 250 mg equivalent of ceftriaxone. If required 
utilized. As with all intramuscular preparations, Rocephin should be injected wer 
large muscle; aspiration helps tc avoid unintentional inection into a blood vessel. 
in should be administered intravenously by intermittent infusions 
rations between 10 mg/misand 40 mg/ml are recommended; however, lower concentrations may 
used if desired. Reconstitute vials or "piggyback bottles with am appropriate |.V diluent (see Compatibi 


Stability section). 
Vial Dosage Size Amount of Diluent to be Added 
250 mg 2.4m 
500 mg 4 8am 
1 gm 9 6m 
2 0m 19.2 ml 


After reconstitution, each 1 mi of solution contains approximately 100 mg equivalent of ceftriaxone. Withdra' 
entire contents and dilute to the desired concentration with the aparopriate I.V. diluent. 


Piggyback Bottle Dosage Size Amount of Diluent to be Added 
1 gm 10 ml 
2gm 20 mi 


After reconstitution, further dilute te 50 mi or 100 mi volumes wit7 the appropriate 1. V. diluent. 

bo gi Bulk Pharmacy Container. This dosage size is NOT FOR DIRECT ADMINISTRATION . Reconstitute powder 
ith 95 ml of an appropriate |.V. ditwent. Before parenteral administration, withdraw thesrequired amount, ther 

further dilute to the desired concentration. 

COMPATIBILITY AND STABILITY: Rocephin sterile powder should be storec at room temperature — 77°F 
25°C) — or below and protected from light. After reconstitution, protection from normal light is not 

- a 0 a mean a ios light yellow to amber, depending on the length of storage, concentration 
lluent used. 

Rocephin intramuscular solutions remain stable (loss of potency less than 10%) tor the following time periods: 


Concentration 
Diluent mg/ml Room Temp. (25°C) Refrigerated (4°C) 
Sterile Water for 100 3 days 10 days 
Injection 250 24 hours 3 days 
0.9% Sodium 100 3 days 10 days 
Chloride Solution 250 24 hours 3 days 
5% Dextrose 100 3 days 10 days 
Solution 250 24 hous 3 days 
Bacteriostatic Water + 100 24 hous 10 days 
0.9% Benzyl Alcohol 250 24 hous 3 days 
1% Lidocaine Solution 100 24 hours 10 days 
(without epinephrine) 250 24 hours 3 days 


Rocephin intravenous solutions, at concentrations of 10, 20 end 49 mg/ml, remain stable (loss of potency les | 
than 10%) for the following time periods stored in glass or PVC containers: 


Diluent Room Temp. (25°C) Refrigerated (4°C) 
Sterile Water 3 days 10 days ~i 
0.9% Sodium Chloride Solution 3 days 10 days , 
5% Dextrose Solution 3 days 10 days 
10% Dextrose Solution 3 days 10 days 
5% Dextrose + 0.9% Sodium Chloride 3 days Incompatible 
Solution* 
3 days Incompatible 


5% Dextrose + 0.45% Sodium Chioride 
Solution 


“Data available for 10-40 mg/ml concentrations in this diluent in PVC containers ony. 

Similarly, Rocephin intravenous solutions, at concentrations of 100 mg/ml, remain stabie in the I.V. piggybac 

glass containers for the above specified time periods. 

The following intravenous Rocephin solutions are stable at rcom temperature (25°C) for 24 hours, at conce 

trations between 10 mg/ml 40 mg/ml: Sodium Lactate Ne container), 10% Invert Sugar (glass 

tainer), 5% Sodium Bicarbonate (glass container), Freamine MI (glass container), Normesol-M in 5% Dextro 
ass and PVC containers), Inosol®B in 5% Dextrose (glass container). 5% itol (glass container), 
nnitol (glass container). 

After the indicated stability time periods, unused portions of solutions should be discarded. 

Rocephin reconstituted with 5% Dextrose or 0.9% Sodium Chloride solution at concentrations between 10 mg 

mi and 40 mg/mi, and then stored in frozen state (— 20°C) in PVC (Viatlex) or polyalefin containers, remain 

stable for 26 weeks. j 

Frozen solutions should be thawed at room temperature betore use. After thawing, unused portions should b 

discarded. Do not refreeze. 

Rocephin solutions should not be physically mixed with other ant microbial drugs due to possibl 

incompatibility. 

ANIMAL PHARMACOLOGY: Concretions consisting of the itated calcium salt of ceftriaxone have Boal 

found in the gallbladder bile of dogssand baboons treated with ceftnaxone. 

These appeared as a gritty sedimentin dogs that received 100 mg/kg/day for four weeks. A similar phenomen, 

has been observed in babo s but only ater a protracted dosing period (6 months) at higher dose levels (307) 

mg/kg/day or more). The likelihood of this occurrence in humans is considered to be low, since ceftriaxone he 

a greater plasma half-life in humans, the calcium salt of ceftriaxone is more soluble in human gallbladder bi 

and the calcium content of human gallbladder bile is relatively low. 

HOW SUPPLIED: Rocephin (ceftriaxone sodium/Roche) is suppliec as a sterile crystalline powder in glass viall 

and piggyback bottles. The following packages are available: g 

Vials containing 250 mg equivalent of ceftriaxone sodium. Boxes at 10 (NDC 0004-1962-01). 

Vials containing 500 mg equivalent of ceftriaxone sodium. Boxes af 10 (NDC 0004-°963-01). 

Vials containing 1 gm equivalent of ceftriaxone sodium. Boxes of 10 (NDC 0004-1964-01). 

Piggyback bottles containing 1 gm equivalent of ceftriaxone sodium. Boxes of 10 (NDC 0004-1964-03). 

Vials containing 2 gm equivalent of ceftriaxone sodium. Boxes of 19 (NDC 0004-1965-01) 

Piggyback bottles containing 2 gm equivalent of ceftriaxone sodium. Boxes of 70 (NDC 0004-1965-03). 

Bulk pharmacy containers, containing 10 gm equivalent of ceftriaxone sodium Boxes of 1 (NDC 0004-197 

01). NOT FOR DIRECT ADMINISTRATION 
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Operative vs Percutaneous Drainage 

Comparison of Morbidity and Mortality 

Jemi Olak, MD; Nicholas V. Christou, MD: Laurence A. Stein, MD; 
Giovanna Casola, MD; Jonathan L. Meakins, MD, Montreal 

Percutaneous drainage is a reasonable initial treatment 

for intra-abdominal abscesses, but other treatment may 


be necessary later. 
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Scheduled Reoperations (Etappenlavage) for Diffuse Peritonitis 


Wolfgang Teichmann, DH, Dietmar H. Wittmann, DH, Hamburg, 
Peter A. Andreone, MD, Minneapolis 
Patients with diffuse peritonitis were routinely reexplored 
daily using a zipper to facilitate the operation. 


Single-Antibiotic Use for Penetrating Abdominal Trauma 
Robert M. Nelson, MD; Pamela R. Benitez, MD; 
Michele A. Newell; Robert F. Wilson, MD, Detroit 
Moxalactam was as effective as clindamycin/tobramycin 
in patients with penetrating abdominal trauma. 


Trauma Serum Suppresses Superoxide Production by Normal 


Marc E. Lanser, MD; Glenn E. Brown, PhD; Rafael Mora, MD; 
William Coleman, PhD; John H. Siegel, MD, Baltimore 
Serum from trauma patients was found to suppress the 
production of superoxides and chemiluminescence in 
normal white blood cells. 
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Antibiotics Fail to Prevent Abscess Formation Secondary to 


Bacteria Trapped in Fibrin Clots 
Toni Hau, MD, PhD; David E. Jacobs, 
Systemic antibiotics were ineffective in preventing 
abscesses either because of low levels in the clots 
or large numbers of organisms. 
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Influence of Dietary Nucleotide Restriction on Bacterial Sepsis 
and Phagocytic Cell Function in Mice 
Anil D. Kulkarni, MSc; William C. Fanslow; David B. Drath, PhD; 
Frederick B. Rudolph, PhD: Charles T. Van Buren, MD, Houston 
Nucleotides in the diet were necessary to maintain 
host resistance to bacterial challenge in this animal model. 


Alterations in Exogenous Substrate Metabolism in Sepsis 
Robert C. Fried, MD; Patricia M. Bailey, MD; 
James L. Mullen, MD, Philadelphia; T. Peter Stein, PhD, Newark, NJ; 
Lon O. Crosby, PhD, Gordon P. Buzby, MD, Philadelphia 
The ability to respond appropriately to infused substrate 
reflected the severity of illness in the host. 


Both Inflammatory and Endocrine Mediators Stimulate Host 
Responses t Sepsis... L A 
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James M. Watters, MD, FRCS(C); Palmer Q. Bessey, MD; 


Injection of an inflammatory agent combined with infusion 
of the counter-regulatory hormones produced in normal 
volunteers the host responses to critical illness. 


Oxygen as an Antibiotic: A Comparison of the Effects of Inspired 
Oxygen Concentration and Antibiotic Administration on In Vivo 
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David R. Knighton, MD; Betty Halliday; 

Thomas K. Hunt, MD, San Francisco 
The combination of increased inspired oxygen and 
antibiotic administration was additive and eliminated 
almost all infectious necrosis in this model. 
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C. James Carrico, MD, Seattle; Jonathan L. Meakins, MD, DSc, FRCSC, FACS, 


J. C. Marshall MD, FRCSC, Montreal; Donald Fry, MD, Cleveland; Ronald V. Maier, MD, Seattle 
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Regional Brain Amino Acid and Neurotransmitter Derangements 
During Abdominal Sepsis and Septic Encephalopathy in the Rat: 
The Effect of Amino Acidinfusions................................. 
Herbert R. Freund, MD; Michael Muggia-Sullam, MD; Richard LaFrance, PharmD; 
Jane Holroyde; Josef E. Fischer, MD, Cincinnati 
Alterations in brain neurotransmitter metabolism may 
be related to the development of septic encephalopathy. 


Successful Vein Bypass in Patients With an Ischemic Limb 


gadge oeenn i aure OR EC ARE E RT te E S a foal oP 217 


Nancy L. Cantalmo, MD; J. Robert Snow, MD; James O. Menzoian, MD; 
Frank W. LoGerfo, MD, Boston 
The results of distal vein graft reconstruction from the 
superficial femoral or popliteal artery are comparable to 
results with more proximal disease. 
Editorial Comment by Calvin B. Ernst, MD, Detroit 
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TOTAL ENTE 


Vivonex” T.E.N. (Total Elemental Nutrition) 
instead of TPN—comparable clinical results... 
economically superior. 


That was demonstrated in a recent clinical study’ 


involving upper GI surgical patients, all with comparable 


levels of significant surgical stress. As the cost of TPN 
becomes more and more prohibitive, consider the 


elernental enteral alternative-—VIVONEX® T.E.N. (Total 


Elemental Nutrition). Unlike conventional enteral 
diets, T.EN. is truly elemental, with a 100% unbound 
amino acid nitrogen source which insures absorption 
without further digestion? That makes T.E.N. an 
appropriate choice for a wide variety of 
postsurgical patients rcs those with minimal 
gut function.* 

Next time, consider the viable alternative to TPN— 
T.E.N. To achieve comparable results your catabolic 
patients need—at a fraction of the cost. 


reat way 


results is by 


cutting Corners. 


VIVONEX 

(TOTAL 
ELEMENTAL 
$ » NUTRITION) 


TPN results...ata 
fraction of the cost. 


*At least 60 cm of functioning small bowel must be available 
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Continued from page 128. 


One-Stage Simple Mastectomy With Immediate Reconstruction for 
High-Risk Patients: An Improved Technique: The Biologic Basis 


This technique is an alternative to simple mastectomy 
in women with a high risk for developing breast cancer. 
Invited Editorial) Comment by Stephan Ariyan, MD, New Haven, Conn 


Double-Lumen, Silicone Rubber, Indwelling Venous Catheters: 
ee E 22.6 ih - bsg Fell. Lele Deen eee. 229 
Harry Schanzer, MD; Steven Kaplan, MD; Juan Bosch, MD; 
Sheldon Glabman, MD; Lewis Burrows, MD, New York 
Major advantages of this technique include the elimination 
of the need for venipuncture and sacrifice of arteries. 


Sixteen patients with necrotizing fasciitis were 
treated by a uniform protocol of radical excision, antibiotics, 
and hyperbaric oxygen, with two deaths occurring. 
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Mark B. Acams, MD, MS; Gary R. Seabrook, MD; 
Edward A. Quebbeman, MD, PhD; Robert E. Condon, MD, MS, Milwaukee 
Jejunostomy had a substantial risk of mortality and of complications. 


The Effects of Perioperative Fluorouracil Administration on 
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Joseph M. Klausner, MD; Shlomo Lelcuk, MD; Moshe Inbar, MD; 
Ronald Rozin, MD, Tel Aviv, Israel 
The administration of fluorouracil during and after operation had 
no deleterious effect on wound healing and recovery. 
Editorial Comment by LaSalle D. Leffall, Jr, MD, Washington, DC 


CLINICAL NOTES 


Esophageal Perforation After Fiberoptic Endoscopic Injection 
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Eliahou Shemesh, MD, Leon Bat, MD, Tel Hashomer, Israel 


Perforation occurred in two patients (1% of all procedures) 
and both were treated successfully without operation. 


Chylous Ascites Following Resection of a Ruptured Abdominal Aneurysm: 
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William G. Sarazin, MD, Kendall E. Sauter, MD, MS, Milwaukee 
After a low-fat diet, hyperalimentation, and paracenteses 
were unsuccessful, a peritoneovenous shunt provided for recovery. 
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And yet, the high, 
balanced strength of 
the Soft Tissue 
Patch does not 
sacrifice the softness 
of the material. The 


result is less tissue irrite \ if 
tance to adhesion forma- 


tion and greater comfort 
for the patient postoperatively. 

Also, it is highly versa- 
tile. Itis widely used in clinical 
applications ranging from 
hernia repairs, including large 
abdominal wall defects, to 
prolapse, banding and recon- 
struction of tissue deficiencies. 

Tissue ingrowth is encour- 
aged by the microporous 
structure of the GORE-TEX 
Soft Tissue Patch, unlike 
other prostheses that can 
become encapsulated by 
fibrous scar tissue. Recent 
clinical publications and 

experience support greater 
tissue acceptance an 
a significantly lower inci- 
dence of visceral adhe- 





' Packaged sterile, the 
-TEX Soft Tissue 


A bes 


~ 1.0mm and 2.0mm thick- 


9 


f 


oF hice oa 
Suen 
; of eae 
a 










sions in the experimental 









alr. 


batt 


nesses and can 
‘be resterilized. 
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~ “unmatched 
performance: 
“superior handling, 
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tion and treatability in the 
presence of infection. 

For more information, 

use the coupon or call, toll free, 


800/638-4804. 
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® Individual blood supplies are monitored 


24 hours a day, 365 days a year 
® Available quickly 


® Convenient appointments can be arranged 


national frozen blood 
repository corp. 


é private blood bank 


+165 Northern Blvd. Manhasset, New York 11030 


(516)944-5537 Call or write for additional information. 


GENERAL OR VASCULAR SURGERY 


Excellent opportunity for General or General/Vascular 
surgeon to join multispecialty group practice in Pacific 
Northwest. Immediate position is available with Kaiser 
Permanente, the largest HMO of its kind in the country. We 
offer a stimulating professional environment and a varied 
but stable practice. We also offer an excellent salary and 
benefits progeam, including full professional liability 
coverage. 


Please send inquiry and curriculum vitae to Re- 
gional Medical Director, Northwest Permanente, 
P.C., 3600 N. Interstate Avenue, Portland, Oregon 
97227. 


Equal Opportunity Employer 






Store your own blood. 


Your patients can have the safety of their own blood, 
stored for future use in emergency or elective surgery. 





CHAIRPERSON 
DEPARTMENT OF SURGERY 


The Permanente Medical Group is taking applications for the 
position of chairperson for the Department of Surgery at our 
Oakland Medical Center. The Oakland facility is a 330-bed 
acute care teaching hospital with a five-year general surgery 
residency program. The Surgery Department is composed of 
seven board certified general surgeons; two having comopletec 
vascular fellowships. Interested candidates must be beard 
certified and prior experience with resident training program: 
preferred. Please send curriculum vitae to: 


Richard Brown, M.D., Chairman 
Search Committee 
Kaiser Permanente Medical Group, Inc. 
280 W. MacArthur Blvd. 
Oakland, California 94611 

















Helps prevent wound hematoma. 


Hemostasis with THROMBOSTAT prior to 
closure significantly reduces the frequency 
of postoperative wound hematoma. In a 
controlled study involving 102 heparinized 
patients, 82.4% of the thrombin-treated group 
were free of any hematoma, while 64.7% of 
the untreated group developed hematoma. 


Rapidly effective. 

The rapid hemostatic action controls oozing 
from capillaries and small venules in 

seconds. Full strength THROMBOSTAT solution 
can clot an equal volume of blood in less 

than a second, or 1,000 mL of blood in less than 
a minute. 


Versatile. 
THROMBOSTAT offers easy application 


and is a valuable aid to hemostasis in many 
fields of surgery wherever oozing blood from 
capillaries and small venules is accessible. 


REFERENCE 
1. Hashemi K, Donaldson LJ, Freeman JW, et al: The use of topical 
thrombin to reduce wound haematoma in patients receiving low-dose 


heparin. Curr Med Res Opin 1981;7:458-462. 







THROMBOSTAT ™ ‘Thrombin, USP) Bovine Origin 

Before prescribing, please see full prescribing information. 

A Brief Summary follows: 

Thrombostat must not be injected! Apply on the surface 

of bleeding tissue as a solution or powder. 

INDICATIONS: Thrombostat (Thrombin, USP) is indicated as an aid 
in hemostasis wherever oozing blood from capillaries and small 
venules is accessible. 

In various types cf surgery solutions of Thrombostat may be used 
in conjunction with Absorbable Gelatin Sponge, USP for hemostasis. 
CONTRAINDICATION: Thrombostat is contraindicated in persons 
known to be sensitive to any of its components and/or to material of 
bovine origin. 

WARNING: Because of its action in the clotting mechanism, 
Thrombostat must not be injected or otherwise allowed to enter 
large blood vessels. Extensive intravascular clotting and even 
death may result. Thrombostat is an antigenic substance and 
has caused sensitivity and allergic reactions when injected into 
animals. 

PRECAUTIONS: Consult the absorbable gelatin sponge product 
labeling for complete information for use prior to utilizing the 
thrombin-saturated-sponge procedure, 

ADVERSE REACTIONS: An allergic type reaction following the use 
of Thrombostat for treatment of epistaxis has been reported. Febrile 
reactions have also been observed following the use of Thrembostat 
in certain surgical procedures but no cause-effect relationship has 
been established. 

DOSAGE AND ADMINISTRATION: Solutions of Thrombostat may 
be prepared in ster:le distilled water or isotonic saline. The 
intended use determines the strength of the solution to prepare. For 
general use in plasic surgery, dental extractions, skin grafting, 
neurosurgery, etc, solutions containing approximately 100 units per 
ml are frequently used. For this, 10 ml of diluent added to the 1000 
unit package is suitable. Where bleeding is profuse, as from cut sur- 
faces of liver and spleen, concentrations as high as 1000 to 2000 
units per ml may be required. For this the 5000 unit vial dissolved in 
5 ml or 2.5 ml respectively, of the diluent supplied in the package is 
convenient. Intermediate strengths to suit the needs of the case may 
be prepared by selecting the proper strength package and dissolv 
ing the contents in an appropriate volume of diluent. In many situa- 
tions, it may be advantageous to use Thrombostat (Thrombin, USP) 
in dry form on oozing surfaces. 

Caution: Solutions should be used the day they are prepared. If 
several hours are to elapse, the solution should be refrigerated, 
preferably frozen, and not used after 48 hours. 

The following techniques are suggested for the topical applica- 
tion of Thrombostat: 

l. The recipient surface should be sponged (not wiped) free of blood 
before Thrombostat is applied. 

2. Aspray may be used or the surface may be flooded using a ster- 
ile syringe and small gauge needle. The most effective hemostasis 
results when the Thrombostat mixes freely with the blood as soon as 
it reaches the surface. 

3, In instances where Thrombostat in dry form is needed, the vial is 
opened by removing the metal ring by flipping up the plastic cap 
and tearing counterclockwise. The rubber-diaphragm cap may be 
easily removed and the dried Thrombostat is then broken up intoa 
powder by means of a sterile glass rod or other suitable sterile 
instrument. 

4. Sponging of treated surfaces should be avoided in ordertthat the 
clot remain securely in place. 

Thrombostat may be used in conjunction with Absorbable Gelatin 
Sponge, USP as follows: 

1, Prepare Thrombostat solution of the desired strength. 

2. Immerse sponge strips of the desired size in the Thrombostat solu- 
tion. Knead the sponge strips vigorously with moistened fingers to 
remove trapped air. thereby facilitating saturation of the sponge. 

3. Apply saturated sponge to bleeding area. Hold in place for 10 to 
15 seconds with a p.edget of cotton or a small gauze sponge. 
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CLEOCIN PHCSPHATE® Sterile Solution 


CLEOCIN HCI® Capsules 
(clindamycin) 










WARNING 
aren’ hg therapy has been associated with 
severe colitis which may end fatally. Therefore, 
it should be reserved for serious infections 
where less toxic antimicrobial are inap- 
propriate, as described in the Indications Sec- 
tion. It should not be used in patients with 
nonbacterial infections, such as most upper 
respiratory traet infections. Studies indicate a 
toxin(s) produced by Clostridia is one primary 
cause of antibiotic associated colitis. Cholestyr- 
amine and colestipol resins have been shown 
to bind the toxn in vitro. See WARNINGS 
section. The cclitis is usually characterized by 
severe, persistent diarrhea and severe abdomi- 
nal cramps and may be associated with the 
passage of bloed and mucus. Endoscopic 
ee may reveal pseudomembranous 


Us. 

When nao diarrhea occurs, the 
drug should be discontinued or, if necessary, 
continued only with close observation of the 
patient. Large >0wel endoscopy has been 
recommended. 

Antiperistaltc agents such as opiates and 
Sewn oe k aiioa ( Lomotil) may 
pong and/or worsen the condition. Vanco- 
mycin has been found to be effective in the 
treatment of artibiotic associated pseudomem- 
branous colitis produced by Clostridium diffi- 
cile. The usual adult dose is 500 milligrams to 2 

ams of vancamycin orally per day in three to 

our divided deses administered for 7 to 10 
days. Cholestyramine or colestipol resins bind 
vancomycin in vitro. If both a resin and vanco- 
mycin are to be administered concurrently, it 
may be advisable to separate the time of 
administrationof each drug. 

Diarrhea, coudtis, and pseudomembranous 
colitis have been observed to eon up to sev- 
eral weeks follcwing cessation erapy with 
clindamycin. 

































INDICATIONS 
Serious infections caused by susceptible anaerobic 
bacteria. Patient: with serious infections due to 


susceptible strains of str , pneumococci, 
and staph i in whom its use should be 
reserved for pencillin-allergic patients or other 
patients for whom, in the judgment of the physi- 
cian, a penicillin :s i opniate. 

Consider the rature of the infection and the 
suitability of less toxic alternatives (e.g., erythro- 


mycin). Bacteriologic studies should be performed 
to determine the causative organisms and their 
susceptibility to clindamycin. 


CONTRAINDICATIONS 
History of hypersensitivity to clindamycin or 
lincomycin. 


WARNINGS 
See WARNING box. A toxin produced by 
Clostridia is one primary cause of antibiotic asso- 
ciated colitis. Cholestyramine and colestipol resins 
have been shown to bind the toxin in vitro. Mild 
cases of colitis may respond to drug discontinuance 
alone. Moderate to severe cases should be man- 
aged promptly with fluid, electrolyte and protein 
supplementation as indicated. Vancomycin has 
been found to be effective in the treatment of anti- 
biotic associated pseudomembranous colitis pro- 
duced by Clostridium difficile. The usual adult 
roe zag is 500 mg to2 fore of vancomycin orally 
pa ay in 3 or 4 divided doses for 7 to 10 days. 
ystemic corticoids and corticoid retention enemas 
may help relieve the colitis. Other causes of colitis 
should also be considered. 

A careful inquiry should be made concerning 
pome sensitivities to drugs and other allergens. 

ecause antagonism has been demonstrated 
between clindamycin and erythromycin in vitro, 
these drugs should not be administered concur- 
rently. Usage in Pregnancy: Safety has not been 
established. Usage in Newborns and Infants: 
Appropriate monitoring of organ system functions 
is desirable. Nursing Mothers: Clindamycin has 
been reported to Riko in breast milk in ranges of 
0.7 to 3.8 mcg/ml. e in Meningitis: Since 
clindamycin does not diffuse adequately into the 
cerebrospinal fluid, it should not be used to treat 
meningitis. 

SERIOUS ANAPH YLACTOID REACTIONS 
REQUIRE IMMEDIATE EMERGENCY 
TREATMENT WITH EPINEPHRINE. 
OXYGEN AND INTRAVENOUS CORTICO- 
STEROIDS SHOULD ALSO BE ADMINIS- 
TERED AS INDICATED. 


PRECAUTIONS 
Older patients with associated severe illness may 
tolerate diarrhea less well. When clindamycin is 
indicated in these patients, they should be carefully 
monitored for change in bowel frequency. Pre- 
scribe with caution in individuals with a history of 
gastrointestinal disease, particularly colitis and 
also in atopic individuals. Indicated surgical proce- 
dures should be performed in conjunction with 
therapy. Patients with severe renal disease and/or 
very severe hepatic disease et: dame by severe 
metabolic aberrations should be with cau- 
tion and serum clindamycin levels monitored dur- 
ing high dose therapy. 
uring prolonged aan 


, periedic liver and 
kidney function tests and 


ood counts should be 


performed. Use may result in overgrowth of non- ì 


susceptible organisms, particularly yeasts. Clin- 
damycin has neuromuscular blocking properties 
and may enhance other neuromuscular blocking 
agents. Use with caution in patients receiving such 
agents. Do not inject clindamycin IV undiluted as 
a bolus. Dilute prior to IV administration to 300 mg 
per 50 ml or more of diluent. Infuse over at least 
10-60 minutes. (See Dosage and Administration. ) 
CLEOCIN HCI Capsules contain FD&C Yellow 
No. 5 (tartrazine) which may cause allergic-type 
reactions (including bronchial asthma) in certain 
susceptible individuals, especially in patients who 
also have aspirin hypersensitivity. 


ADVERSE REACTIONS 
Gastrointestinal: Abdominal pain, nausea, vomit- 
ing and diarrhea. (See WARNING box.) 
Hypersensitivity Reactions: Maculopapular 
rash and urticaria. Generalized mild to moderate 
morbilliform-like skin rashes are the most frequent 
adverse reactions. Rare instances of erythema 
multiforme, some resembling Stevens-Johnson 
syndrome, have been reported. A few cases of 
anaphylactoid reactions have been reported. If a 
hypersensitivity reaction occurs, the drug should 
be discontinued. The usual agents should be avail- 
able for emergency treatment. Liver: Jaundice and 
abnormalities in liver function tests have been ob- 
served. Hematopoietic: Neutropenia, eosinophilia, 
agranulocytosis and thrombocytopenia have been 
reported; no direct etiologic relationship to con- 
current clindamycin therapy has been made. Local 
Reactions: Pain, induration and sterile abscess 
have been reported after intramuscular injection 
and thrombophlebitis after intravenous infusion. 
Reactions can be minimized or avoided by giving 
deep intramuscular injections and avoiding pro- 
longed use of indwelling intravenous catheters. 
Musculoskeletal: Rare instances of polyarthritis 
have been reported. Cardiovascular: Rare in- 
stances of cardiopulmonary arrest and hypoten- 
sion have been reported following too rapid IV 
infusion. (See Dosage and Administration.) 
Renal; Renal dysfunction has rarely been observed. 
No direct relationship has been established. 


HOW SUPPLIED 
Available as sterile solution with each ml 
containing clindamycin phosphate equivalent to 
150 mg clindamycin base. Vials of 2 ml, 4 ml, 
and 6 ml. 

CLEOCIN HCI as 75 mg and 150 mg capsules. 

Caution: Federal law prohibits dispensing 
without prescription. 

For additional product information see your 
Upjohn representative. 
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Before prescribing or administering, see package circu- 
lar for full Product information. The following is a brief 
summary. 


EMBOLEX 





(dihydroergotamine mesylate and heparin sodium: 
with lidocaine HCI) 


Indications and usage: Embolex (dihydroergotamine mes- 
ylate and heparin sodium; with lidocaine HCI) Injection (a 
low-dose regimen) is indicated for the prevention of post- 
operative deep venous thrombosis and pulmonary embo- 
lism in patients undergoing major abdominal, thoracic, or 
pelvic surgery (see DOSAGE AND ADMINISTRATION). 
Such prophylaxis sheuld generally be reserved for patients 
over the age of 40 who are uncergoing major surgery. 
Contraindications: Embolex idihydroergotamine mesy- 
late and heparin sodium; with lidocaine HCI) treatment is 
contraindicated in patients who have previously shown 
hypersensitivity to heparin, ercot alkaloids, or lidocaine. 
This combination is also contraindicated in patients with 
known peripheral vascular disease, coronary insufficiency, 
angina, severe hypertension, impaired hepatic or renal 
function, sepsis, severe thromdocytapenia, or in patients 
receiving oral anticoagulant therapy. 

Heparin should not be administered to patients with an 
uncontrollable activ=bleeding state, or patients unable to 
submit to suitable blood coagulation tests (e.g., whole 
biood clotting time. partial thromboplastin time). While 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HC!) contains heparin, this con- 
traindication refers to ful! dose heparinization. Embolex 
(dihydroergotamine mesylate and heparin sodium; with 
lidocaine HCl), which utilizes low dose heparin as one of 
its components, doss not require monitoring of patients 
having normal coagulation parameters. 

DHE possesses oxytocic properties. Therefore, Embolex 
(dihydroergotamine mesylate and heparin sodium; with 
lidocaine HCl) Injection should not be administered dur- 
ing pregnancy. 

Warnings: Need to Rule Out Bleeding Disorders: All patients 
should be screened prior to administration of Embolex 
(dihydroergotamine mesylate and heparin sodium: with 
lidocaine HCl) prophylaxis to rule out bleeding disorders: 
appropriate coagulation tests should be repeated just prior 
to surgery. Test values should be normal or only slightly 
elevated at these times. 


Danger of Hemorrhage: Embolex (dihydroergotamine mes- 
ylate and heparin sedium: with lidocaine HCI) Injection 
should be used with xtreme caution in disease states in 


tial for increased bleeding both during and after surgery 
should be considered. Some of the conditions in which 
increased danger of hemorrhage exists are: 
Cardiovascular: Subacute bacterial endocarditis; severe 
hypertension. 
Surgical: During andiimmediate'y following (a) spinal tap 
or spinal anesthesia er (b) major surgery, especially involv- 
ing the brain, spinal cord, or eye 

ic: Conditiens associated with increased bleed- 
ing tendencies, such as hemophilia, thrombocytopenia, 
and some vascular purpuras. 
Gastrointestinal’ Ulcerative lesions and continuous tube 
drainage of the stomach.or small intestine; liver disease 
with impaired hemostasis. 
Thrombocytopenia: Thrombocytopenia has been reported 
to occur in patients receiving heparinewith a reported inci- 
dence of 0 to 30%. Mild thrombocytopenia (count greater 
than 100,000/mm*) may remain stable or reverse even if 
heparin is continued However, thrombocytopenia of any 
degree should be monitored closely If the count falls below 
100,000/mm: cr if recurrent thrombosis develops (see 
White Clot Syndrome, PRECAUT IONS), Embolex (dihy- 
droergotamine mesy‘ate and heparin sodium; with lidocaine 
HC!) administration should be discontinued. 


EMB-186-1 


Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCl) Injection does not have fibri- 
nolytic activity; therefore it will not lyse preexisting or estab- 
lished deep vein thrombi. If clinical evidence of 
thromboembolism develops despite Embolex (dihydroer- 
gotamine mesylate anc heparin sodium; with lidocaine 
HCl) prophylaxis, this should be discontinued and full ther- 
apeutic doses of anticoagulants administered unless 
contraindicated. 

Arterial Spasm: DHE, like other ergot alkaloids, can cause 
vasospastic reactions, including angina, although it seems 
to do so less commonly than other ergots. This action 
appears to be dose-related: however some patients may 
demonstrate individual sensitivity to the agent. 
Vasospastic reactions are manifested by intense arterial 
vasoconstriction, producing signs and symptoms of periph- 
eral vascular ischemia (e g., muscle pains, numbness, cold- 
ness and pallor of the digits), angina or unusual syndromes 
such as mesenteric ischemia. Because persistent vaso- 
spasm can result in serious morbidity (gangrene) or death, 
Embolex (dihydroergctamine mesylate and heparin 
sodium; with lidocaine HC!) should be discontinued imme- 
diately if signs or symptoms of vasoconstriction develop. 
In worldwide experience with Embolex (dihydroergot- 
amine mesylate and heparin sodium: with lidocaine HCI), 
representing about 2.8 million exposures, there have been 
66 reports of vasospasm, most in severely traumatized 
patients or patients with a severe debilitating condition 
such as sepsis. In most cases, cessation of Embolex (dihy- 
droergotamine mesylate and heparin sodium; with lido- 
caine HCI) and institution of vasodilator therapy reversed 
the vasospasm. 

In Clinical trials of Embolex (dihydroergotamine mesylate 
and heparin sodium; with lidocaine HCl) there were two 
instances of mesenteric ischemia, one of which progressed 
to bowel necrosis, that may have been related to DHE. 
Precautions: This combination should be used with cau- 
tion in patients with hypertension. 

“White Clot Syndrome” Rare patients on heparin may 
develop new thrombus formation in association with throm- 
bocytopenia resulting from irreversible aggregation of plate- 
lets induced by heparin, the so-called white clot syndrome. 
The process may lead to severe thromboembolic compli- 
Cations like skin necrosis, gangrene of the extremities, myo- 
cardial infarction, pulmonary embolism and stroke. 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCl) administration should be 
promptly discontinued if a patient develops new throm- 
bosis in association with thrombocytopenia. 

Heparin Resistance: Increased resistance to heparin has 
been frequently encountered in fever. thrombosis, throm- 
bophlebitis, infections with thrombosing tendencies, myo- 
cardial infarction, cancer and in postsurgical patients. 
Increased Risk in Older Women: A higher incidence of 
bleeding has been reported in women over 60 years of 


age. 
Laboratory Tests: Periodic platelet counts. hematocrits, and 
tests for occult blood in stool are recommended during 
the entire course of heparin therapy, regardless of the route 
of administration. 

Drug Interactions: Agents of the ergot alkaloid class, of 
which DHE is a member, have been shown to interact with 
antibiotics of the macrolide class, resulting in increased 
plasma levels of the unchanged alkaloid. 

Platelet aggregation is the main hemostatic defense of hep- 
arinized patients. Drugs which interfere with platelet aggre- 
gation reactions (such as acetylsalicylic acid, dextran, 
phenylbutazone, ibuprofen, indomethacin, dipyridamole, 
hydroxychloroquine and others) may induce bleeding and 
should be used with extreme caution in patients receiving 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCI) Injection prophylaxis. 
Digitalis, tetracyclines, nicotine, or antihistamines may par- 
tially counteract the anticoagulant action of heparin 
sodium. 

Drug/Laboratory Test Interactions: Hyperaminotransfera- 
semia: Significant elevations of aminotransferase (SGOT 
S-AST and SGPT S-ALT) levels have been reported in a 
high percentage of patients (and healthy subjects) who 
have received heparin. Since aminotransferase determi- 
nations are important in the differential diagnosis of myo- 
cardial infarction, liver disease, and pulmonary emboli, 
elevations that may be caused by drugs [like Embolex 
(dihydroergotamine mesylate and heparin sodium; with 
lidocaine HCI) Injection] should be interpreted with Caution. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: No 
long-term studies in animals have been performed to eval- 
uate carcinogenic potential of either DHE or heparin. Also, 
no reproduction studies in animals have been performed 
concerning mutagenesis or impairment of fertility. 
Pregnancy: Pregnancy Category X. See CONTRA- 
INDICATIONS. 

Nursing Mothers: Heparin is not excreted in human milk. 
It is not known whether DHE is excreted in human milk. 
Because many drugs are excreted in human milk, cau- 
tion should be exercised when Embelex (dihydroergot- 
amine mesylate and heparin sodium: with lidocaine HCI) 
Injection is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness of DHE in children 
has not been established. 

Adverse reactions: 

Hemorrhage: Hemorrhage is the chiet complication that 
may result from Embolex (dihydroergotamine mesylate and 
heparin sodium; with lidocaine HCI) administration (see 
WARNINGS). An overly prolonged clotting time or minor 
bleeding complications during therapy can usually be con- 
trolled by withdrawing the drug (see OVERDOSAGE). 
Deep subcutaneous administration of Embolex (dihydroer- 
gotamine mesylate and heparin sodium: with lidocaine 
HCI) Injection may produce local irritation, mild pain, ecchy- 
mosis, or hematoma at the injection site. These complica- 
tions are much more common after intramuscular use, 
and such use is not recommended. 
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HEMORRHAGIC COMPLICATIONS—U.S. STUDY 
Number and Percentage of Patients 


TREATMENT GROUP 


DHE/HEP | DHE/HEP 


Excessive 


N=212 | N=227 | N=220 |N=106 
4 (2%) 8 (4%) 7 (3%) 2 (2%) 


Postoperative 
: ee rs 


Bleeding 

Change in 
N=208 | N=219 | N=216 |N=109 
6 (3%) 4 (2%) 7 (3%) 2 (2%) 


















Hemoglobin 
Levels in 






N=209 | N=225 | N=221 IN=109 
24 (11%) | 27 (12%) | 26 (12%) 7 (6%) 










N = 156 
38 (24%) 


N= 157 
43 (27%) 


N=159 | N=77 
41 (26%) |28 (36%) 














Uneatheterized 


Other Adverse Effects: DHE is known to produce a num- 
ber of reactions on occasion, including: numbness and 
tingling of fingers and toes, muscle pain in the extremi- 
ties, weakness in the legs, precordial distress and pain, 
transient tachycardia and bradycardia, nausea, vomiting, 
and localized itching and edema. 

Generalized hypersensitivity reactions have been reported 
in patients receiving heparin therapy. The most common 
symptoms associated with such reactions are: Chills, fever, 
and urticaria. Asthma, rhinitis, lacrimation, headache, nau- 
sea and vomiting, and anaphylactoid reactions, including 
shock, have also been reported more rarely. Itching and 
burning, especially on the plantar side of the feet, may 
occur. 

Thrombocytopenia has been reported to occur in patients 
receiving heparin with a reported incidence of 0-30%,. 
While often mild and of no obvious Clinical significance, 
such thrombocytopenia can be accompanied by severe 
thromboembolic complications such as skin necrosis, gan- 
grene of the extremities, myocardial infarction, pulmonary 
embolism, and stroke. (See WARNINGS, PRECAUTIONS). 
In preliminary studies with normal volunteers, doses of 
DHE of 2-3 mg resulted in an increased frequency of head- 
ache, leg cramps and soreness, nausea and vomiting; 
these were relatively uncommon in domestic and foreign 
controlled trials in surgical patients, where DHE was used 
at the recommended dose of 0.5 mg. The following table 
shows the frequency of adverse reactions reported in con- 
trolled trials for all treatment groups pooled: 


INSTANCES OF ADVERSE EFFECTS* 
U.S. EMBOLEX (dihydroergotamine mesylate and 
heparin sodium; with lidocaine HCI) CLINICAL TRIALS 


Complication 
by Body 
System 






DHE/HEP | DHE/HEP 
5000 2500 | HEP 5000 | Placebo 
N=478 | N=236 | N=232 |N=197 


1 (0.4%) |2 (1.0%) 

2 (1.0%) 
1 (0.4%) 

Tachycardia 2 (0.4%) | 1 (0.4%) 

Miscellaneous | 6 (1.3%) 2 (0.8%) | 2 (0.9%) 


CNS 

Pyrexia 3 (0.6%) 

Miseellaneous | 5 (1.0%) 1 (0.4%) 

SKIN 

Rash 8 (1.7%) | 1 (0.4%) 1 (0.4%) |2 (1.0%) 
Miscellaneous | 9 (1.9%) 1 (0.4%) 2 (1.0%) 


*Not all of the adverse reactions can be attributed to 
Embolex (dihydroergotamine mesylate and heparin 
sodium; with lidocaine HCI), as these postsurgical patients 
received other drugs. 






11 (2.3%) 
11 (2.3%) 


3 (0.6%) 
4 (0.8%) 
















GI Bleeding 
Miscellaneous 


3 (1.3%) 












7 (1.5%) 
2 (0.4%) 


2 (0.4%) 
2 (0.4%) 





2 (0.8%) 
1 (0.4%) 

























How supplied: Embolex (dihydroergotamine mesylate and 
heparin sodium; with lidocaine HCl) Injection is available 
as a single ampul in packages of 20 and 100 as follows: 
yh an mg/2500 USP Units Heparin/Lidocaine HCI 

5.33. mg 

Package of 20 ampuls (NDC 0078-0118-03). 

Package of 100 ampuls (NDC 0078-0118-05). 

This combination strength is not currently available. 

DHE 0.5 mg/5000 USP Units Heparin/Lidocaine HCI 
7.46 mg 


Package of 20 ampuls (NDC 0078-0119-03). 

Package of 100 ampuls (NDC 0078-0119-05). 

Store and dispense: Store below 77°F (25°C), dispense 
in ligħt-resistant containers. 


Manufactured by Sandoz, Ltd., Basle, Switzerland for 
Sandoz Pharmaceuticals Corporation, East Hanover, 
NJ 07936. 
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PRIMAXIN inhibits virtually all clinical isolates, including aerobic 
and anaerobic gram-positive and gram-negative bacteria. 


Achromebacter spp. Fusobacterium spp. Salmonella spp. 
Acinetobacter spp. Gardnerella vaginalis Serratia spp., including 
Actinomyces ai Haemophilus influenzae S. liquefaciens 
Aeromonas hydrophila | Haemophilus S. marcescens 
Alcaligenessspp. parainfluenzae Shigella spp. 
Bacteroides spp., Hafnia spp., including Staphylococcus aureus 

including H. alvei (PCNase +). 

B.asaccharolyticus Klebsiella spp. including Staphylococcus epider- 

B.bivius K. oxytoca midis (PCNase + ) 

B.disiens K. pneumoniae Streptococcus Spp., 

B. distasonis Listeria monocytogenes including 

B. fragilis Moraxella spp. Group A streptococci 

B. melaninogenicus  Morganella morganii (S. pyogenes) 

B. ovatus Neisseria gonorrhoeae Group B streptococci 

B. thetaietaomicron (PCNase +) (S. agalactiae) 

B. vulgatus Nocardia spp. Group C streptococci 
Bordetella Pasteurella multocida Group G streptococci 

bronchiseptica Peptococcus spp. Group D streptococci, 
Campylobacter spp. Peptostreptococcus spp. including enterococci 
Citrobacter spp. Plesiomonas shigelloides (S. faecalis) 
Clostridium spp., Propionibacterium spp., Streptococcus 

including including P acnes pneumoniae 

C. perfringens Proteus mirabilis Viridans streptococci 
Enterobacter spp. Proteus vulgaris Veillonella spp. 
Escherichia roli Providencia rettgeri Yersinia spp., including 
Eubacterium spp. Providencia stuartii Y enterocolitica 

Pseudomonas Y pseudotuberculosis 
aeruginosa 


*In vitro susceptibility does not necessarily imply in vivo effectiveness. 


**Percent based on data reported from broth and agar dilution following NCCLS 
criteria fer susceptibility: MICs S4ug/mL (fully susceptible) and MICs >4 to 8ug/ 


mL (moderately susceptible). Reference: Jones, R.N.: Review of the in vitro spectrum 


of activity of imipenem, Am. J. Med. 78(suppl. 6A):22-32, Table VI, Reference 22, 


June 7, 1985. 
PRIMAXIN is not active against chlamydiae and Pseudomonas maltophilia, some 


strains of Pseudomonas cepacia, many strains of methicillin-resistant staphylococci, 


po feta. pcg some strains of anaerobic corynebacteria, and some strains 
of Flavobacterium. 


As with ether beta-lactam antibiotics, some strains of Pseudomonas aeruginosa may 


develop resistance fairly rapidly on treatment with PRIMAXIN. When clinically 
appropriate during therapy of Pseudomonas aeruginosa infections, periodic suscepti- 
bility testingshould be done. 


Please see Brief Summary of Prescribing Information. 
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PRIMAXIN is useful in seriously ill hospitalized patients with 
infections of unknown etiology, mixed infections, and nosoco- 
mial infections. In clinical trials with more than 2,300 patients, 
PRIMAXIN has been shown to be highly effective in the follow- 
ing range ef infections: 


LOWER RESPIRATORY TRACT INFECTIONS involving 9 spe- 
cies of bacteria including: Staphylococcus aureus (penicillinase-pro- 
ducing strains), Pseudomonas aeruginosa," Serratia marcescens 


URINARY TRACT INFECTIONS (complicated and uncompli- 
cated) involving 9 species of bacteria including: enterococci, 
Prateus vulgaris, Pseudomonas aeruginosa 


INTRAABDOMINAL INFECTIONS involving 18 species of 
bacteria including: Staphylococcus epidermidis, enterococci, 
Pseudomonas aeruginosa, Bacteroides fragilis 


GYNECOLOGIC INFECTIONS involving 14 species of bacteria 
including: Staphylococcus aureus (penicillinase-producing 
strains), Bacteroides fragilis, Gardnerella vaginalis 


BACTERIAL SEPTICEMIA involving 8 species of bacteria 
including: Staphylococcus aureus (penicillinase-producing 
strains), enterococci, Pseudomonas aeruginosa 


BONE AND JOINT INFECTIONS involving 5 species of bac- 
teria including: Staphylococcus aureus (penicillinase-producing 
strains), enterococci, Pseudomonas aeruginosa 


SKIN AND SKIN-STRUCTURE INFECTIONS involving 17 
species of bacteria including: Staphylococcus aureus (penici lin- 
ase-producing strains), enterococci, Pseudomonas aeruginosa 


ENDOCARDITIS involving Staphylococcus aureus (penicillin- 
ase-procucing strains) 


*Although clinical improvement has been observed in patients with cystic 
fibrosis, chronic pulmonary disease, and lower respiratory tract infections 


caused by Pseudomonas aeruginosa, bacterial eradication may not necessari- 


ly be achieved. 


PRIMAXIN is contraindicated in patients who have shown eet 
to any companent of this product. Before initiating therapy wit PRIMAXIN, 


careful inquiry should be made concerning previous hypersensitivity reac- 


tions to penicillins, cephalosporins, other beta-lactams, and other allergens. 
Ifan allergic reaction to PRIMAXIN occurs, discontinue the drug. Serious hyper- 
sensitivity reactions may require epinephrine and other emergency measures. 


Please see Brief Summary of Prescribing Information. 
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In clinical trials involving 1723 patients, many with serious 
underlying diseases, PRIMAXIN demonstrated a low inci- 
dence of adverse experiences. 


2 eee 
Incidence of Adverse Experiences (20.3%) in 1,723 Patients 




















Reported as Possibly, 
Adverse Probably, or 
Experience Definitely Related 
Phiebitis/Thrombophlebitis/ 

Injection-Site Pain 3.8% 
Nausea 2.0% 
Diarrhea 1.8% 
Vomiting 1.5% 
Rash and Urticaria 1.1% 
Fever 0.5% 
Hypotension 0.4% 
Seizure 0.4% 
Pruritus 0.3% 
Dizziness 0.3% 


Adult Dosage Recommendations: 250, 500, or 1000 mg q6-8h 


CNS adverse experiences such as myoclonic activity, confusional states, 
or seizures have been reported with PRIMAXIN. These experiences 
have occurred most commonly in patients with CNS disorders (e.g., 
brain lesions or history of seizures) who also have compromised renal 
function. However, there were rare reports in which there was no 
recognized or documented underlying CNS disorder. Close adherence 
to recommended dosage schedules is urged, especially in patients with 
known factors:that predispose to seizures. 


Pseudomembranous colitis has been reported with virtually all antibiot- 
ics, including PRIMAXIN; therefore, it is important to consider its diag- 
nosis in patients who develop diarrhea in association with antibiotic use. 


Please see Brief Summary of Prescribing Information. 
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Contraindications: PRIMAXIN is contraindicated in patients who have shown 
hypersensitivity to any component of this product. 

muning: SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY rEg lac- 
tic) REACTIONS HAVE BEEN REPORTED IN PATIENTS RECEIVING THERAPY WITH 
BETA LACTAMS. THESE REACTIONS ARE MORE APT TO OCCUR IN PERSONS 
WITH A HISTORY OF SENSITIVITY TO MULTIPLE ALLERGENS, 


Pseudomembranous colitis has been reported with virtually all antibiotics, including 
PRIMAXIN; therefore it is important to consider its diagnosis in patients who 
develop diarrhea in association with antibiotic use. This colitis may range in 
severity from mild to life threatening, 

Mild cases of pseudomembranous colitis may respond to drug discontinuance 
alone. In more severe cases, management may include sigmoidoscopy, appropriate 
bacteriological studies, fluid, electrolyte, and protein supplementation, and the use 
of a drug such as oral vancomycin, as indicated. Isolation of the patient may be 
advisable. Other causes of colitis should also be considered. 

Precautions: Genera/-CNS adverse experiences such as me activity, con- 
fusiona! states, or seizures have been reported with PRIMAXIN. These experiences 
have occurred most commonly in patients with CNS disorders (€.g., brain lesions or 
history of gai who also hava compromised renal function. However, there were 
rare reports in which there was no recognized or documented underlying CNS 
disorder. Close adherence to recommended dosage schedules is urged especially 
in patients with known factors that predispose to seizures. Anticonvulsant ther- 
apy should be continued in patients with a known seizure disorder. If focal 
tremors, myoclonus, or seizures occur, patients should be placed on anticonvulsant 
therapy. If CNS symptoms continue, the dosage of PRIMAXIN should be decreased 
or discontinued. 

As with other antibiotics, prolonged use of PRIMAXIN may result in overgrowth of 
honsusceptible organisms. Repeated evaluation of the patient's condition is essen- 
tial. If superinfection occurs during therapy, appropriate measures should be taken. 
While PRIMAXIN possesses the:characteristic low toxicity of the beta-lactam group 
of antibiotics, periodic assessment of organ system function during prolonged 
therapy is advisable. 

Drug Interactions—Since concomitant administration of PRIMAXIN and probenecid 
results in only minimal increases in plasma levels of imipenem and plasma half-life, 
it is not recommended that probenecid be given with PRIMAXIN. 

PRIMAXIN should not be mixed with or physically added to other antibiotics. 
However, PRIMAXIN may be administered concomitantly with other antibiotics, 
such as aminoglycosides. 

Carcinogenesis, Mutagenesis, Impairment of Fertility—Gene toxicity studies were 
performed in a variety of bacterial and mammalian tests in vivo and in vitro. The 
tests were: V79 mammalian cell mutation assay (PRIMAXIN alone and imipenem 
alone), Ames test (cilastatin sodium alone), unscheduled DNA synthesis assay 
(PRIMAXIN), and in vivo mouse cytogenicity test (PRIMAXIN). None of these tests 
showed any evidence of genetic damage. 

Reproduction tests in male end female rats were performed with PRIMAXIN at 
dosage levels up to 8 times the usual human dose. Slight decreases in live fetal 
body weight were restricted to the highest dosage level. No other adverse effects 
were observed on fertility, reproductive performance, fetal viability, growth, or 
postnatal development of pups. Similarly, no adverse effects on the fetus or on 
lactation were observed when PRIMAXIN was administered to rats late in gestation. 
Pregnancy -Pregnancy Category C: Teratogenicity studies with cilastatin sodium in 
rabbits and rats at 10 and 33 times the usual human dose, respectively, showed no 
evidence of adverse effect on the fetus. No evidence of teratogenicity or adverse 
effect on postnatal growth or behavior was observed in rats given imipenem at 
dosage levels up to 30 times the usual human dose. Similarly, no evidence of 
adverse effect on the fetus was observed in teratology studies in rabbits with 
imipenem at dosage levels at the usual human dose. 
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Teratolagy studies with PRIMAXIN at doses Up to 11 times the usual human dose in 
pregnant mice and rats during the period of major organogenesis revealed no 
evidence of teratogenicity, 

Data from preliminary studies Suggest an apparent intolerance to PRIMAXIN 
(including emesis, inappetence, body weight loss, diarrhea, and death) at doses 
equivalent to the average human dose in pregnant rabbits and cynomolgus mon- 
keys that is not seen in nonpregnant animals in these or other species. In other 
Studies. PRIMAXIN was well tolerated in equivalent or higher doses (up to 1° times 
the average human dose) in pregnant rats and mice. Further Studies are under 
way to evaluate these findings. 

There are, however, no adequate and well-controlled studies in pregnant women. 
PRIMAXIN should be used only if the potential benefit justifies the potential risk 
to the fetus. 

Nursing Mothers—\t is not known whether this drug is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be exercised when 
PRIMAXIN is administered to a nursing woman, 

Pediatric Use-Safety and effectiveness in infants and children below 12 years of 
age Nave not yet been established, 


Adverse Reactions: PRIMAXIN is generally well tolerated. ser of the 1,723 
patients treated in clinical trials were severely ill and had multiple background 
diseases and physiological impairments, making it difficult to determine causal 
relationship of adverse experiences to therapy with PRIMAXIN. 

Loca’ Adverse Reactions—Local adverse clinical reactions that were reported as 
possibly, thea Or definitely related to therapy with PRIMAXIN were: phlebitis/ 
thrombaphlebitis (31%), pain at the injection site (0.7%), erythema at the injection 
site (0.4%), vein induration (0.2%), infused vein infection (01%). 

Systemic Adverse Reactions-The most frequently reported systemic adverse clini- 
Cal reactions that were reported as possibly, probably, or definitely related to 
PRIMAXIN were: nausea (2.0%), diarrhea (1.8%), vomiting ae , fash (09%) fever 
(0.5%), prophage (0.4%), seizures (0.4%) (see PRECAUTIONS), dizziness (0.3%), 
pruritus (0.3%), urticaria (0.2%), somnolence (0.2%). 

Additional adverse systemic clinical reactions reported as possibly, probably, or 
definitely drug related occurring in less than 0.2% of the patients are listed within 
each Dedy system in order of decreasing severity: Gastrointestinal -pseudomem- 
branous colitis (see WARNINGS), hemorrhagic colitis, gastroenteritis, abdominal 
pain, glossitis, tongue papillar hypertrophy, heartburn, pharyngeal pain, increased 
Salivation; CNS—encephalopathy, confusion, myoclonus, paresthesia, vertigo, head- 
ache: Special Senses—transient hearing loss in patients with impaired hearing, 
tinnitus. Respiratory—chest discomfort, dyspnea, hyperventilation, thoracic spine 
pain: Cardiovascular—palpitations, tachycardia: Rena/—oliguria/anuria, polyuria: 
Skin-erythema multiforme, facial edema, flushing, cyanosis, hyperhidrosis, skin 
texture changes, candidiasis, pruritus vulvae: Body as a Whole-polyarthralgia, 
asthenia/weakness. 

Adverse Laboratory Changes: Adverse laboratory changes without regard to 
drug reiationship that were reported during clinical trials were: Hepatic- increased 
SGPT, SGOT, alkaline phosphatase, bilirubin, and LDH: Hemic- increased e0sino- 
phils, positive Coombs Test, decreased WBC and neutrophils, increased WBC, 
increased platelets, decreased platelets, decreased hemoglobin and hematocrit, 
increased monocytes, abnormal prothrombin time, increased lymphocytes, 
increased basophils; F/ectrolytes—decreased serum sodium, increased potassium, 
increased chloride; Rena/—increased BUN, creatinine: Urinalysis—presence of urine 
protein, urine red blood cells, urine white blood cells, urine casts, urine bilirubin, 
and urime urobilinogen. 

NOTE: Due to the high antimicrobial activity of PRIMAXIN, it is recommended that 
the maximum total daily dosage not exceed 50 mg/kg/day or 4.0 g/day, whichever 
IS lowes 

How Supplied: PRIMAXIN is supplied as a sterile powder mixture in vials and 
infusion bottles containing imipenem anhydrous and cilastatin sodium as follows: 
250 mg imipenem equivalent and 250 mg cilastatin equivalent; 500 mg imipenem 
equivalent and 500 mg cilastatin equivalent. 

Caution: The suspension from vials is not for direct infusion. MSD 


For more detailed information, consult your MSD Representative 
or see Prescribing Information. Merck Sharp & Dohme, Division 
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Papers Read Before the Fifth Annual Meeting of the Surgical 
Infection Society, New Orleans, April 29 to April 30, 1985—Part Il 


Operative vs Percutaneous Drainage of 


Intra-abdominal Abscesses 


Comparisen of Morbidity and Mortality 


Jemi Clak, MD» Nicholas V. Christou, MD; Laurence A. Stein, MD; Giovanna Casola, MD; Jonathan L. Meakins, MD 


è This retrospective case-controlled study compares the 
morbidity and mortality of 27 percutaneously drained (PD) 
abscesses with 27 that were surgically drained (SD). Patients 
were matched for age, sex, diagnosis, and abscess etiology 
and location. There was no difference in severity of illness 
(acute physiology score [APS]=8.3 vs 10.2), comparable mor- 
bidity 129.6% vs 40.7%), or mortality (11.0% vs 7.4%) between 
PD and SD groups. Duration of drainage was significantly 
longer in the PD group; however, this is explained in part by the 
48% vs 18.5% difference in associated fistulae. Failures of the 
SD group had a higher mean APS (15) than both failures of the 
PD group (APS=9.3) and successes of the SD group 
(APS =8.6). Allithree PD group deaths and half of the SD group 
deaths were related to ongoing sepsis. Surgical drainage of 
intra-abdominal abscess is as successful as PD. Percutane- 
ous drainage is reasonable initial treatment for intrasabdomi- 
nal abscess; however, early assessment of clinical status and 
frequent reassessment are mandatory to ensure that failures 
are dealt with early. We present a drainage algorithm. 

(Arca Surg 1986;121:141-146) 


ontroversy regarding the optimal drainage of intra- 
abdominal abscesses prompted this retrospective 
ease-controlled study that compares the morbidity and 
mortality of 27 percutaneously drained (PD) abscesses with 
27 surgically drained (SD) abscesses. Reported success 
rates for percutaneous drainage (PD) are high (75% to 90%) 


Accepted for publication Oct 10, 1985. 
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Radiology (Dr Stein), Royal Victoria Hospital, Montreal, and the Depart- 
ment of Radiclogy, Montreal General Hospital (Dr Casola) and McGill 
University, Montreal (Drs Olak, Christou, Stein, Casola, and Meakins). 

Read before the Fifth Annual Meeting of the Surgical Infectien Society, 
New Orleans, April 30, 1985. 
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and mortality is low (<20%). The success rates reported 
for surgical drainage (SD) are considerably lower (50% to 
75%) largely because mortality tends to be higher (11% to 
45%).*" The problem with all comparative studies pub- 
lished to date is that none have been of the prospective 
randomized type, all have failed to stratify patients accord- 
ing to the severity of their illness, and many have quoted 
historical operative morbidity and mortality figures.**” 
The result is that different studies and groups within the 
same study are not comparable. 

Nonetheless, it would be considered unethical to conduct 
a prospective randomized clinical trial comparing these two 
methods of treating intra-abdominal abscesses. The tech- 
nique is firmly established in the minds of many physicians, 
and recruitment of patients would be difficult. The purpose 
of this study was to define differences in outcome of 
comparably ill patients and, if possible, to develop a 
drainage algorithm. The present study, although retrospec- 
tive, does control for severity of illness and for diagnostic 
tools available to the physician who works up and treats the 
patient suspected of having an intra-abdominal abscess. 


PATIENTS AND METHODS 


Chart review of 27 patients admitted to either of two university 
teaching hospitals between 1981 and 1984 who underwent PD of an 
intra-abdominal or retroperitoneal abscess was undertaken. These 
patients were matched for age, sex, primary diagnosis, and 
abscess location and etiology with 27 patients whose intra-abdomi- 
nal abscesses were SD. Assessment of each patient’s severity of 
illness immediately prior to drainage was done using the acute 
physiology score (APS) developed by Knaus et al.“ 

Information was also collected concerning the method(s) used to 
make the diagnosis of intra-abdominal abscess (plain film, ultra- 
sound, computed tomographic [CT] scan, other), the method of 
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drainage (ultrasound with fluoroscopy, CT with or without fluo- 
roscopy, other), the microorganisms cultured, the antibiotics ad- 
ministered, and the morbidity and mortality associated with 
abscess drainage. 

Morbidity was assessed in terms of the number of days of 
drainage, the development of septicemia, the incidence of inade- 
quate drainage or abseess recurrence, and any complications 
related to the drainage procedure. An abscess was considered to 
have been inadequately drained if a second intervention was 
mandated by failure of sepsis to resolve. Any abscess that was 
thought to have resolved but that required a second drainage 
procedure was considered to have recurred. Statistical analysis 
was performed using Student's t test for unpaired data and the x” 
test. 


TECHNIQUE 
PD 


The abscess cavity was first located and opacified by puncture 
with a fine-needle (22 gauge), and an aspirate was sent for Gram’s 
staining. On confirmation of the presence of pus, the drainage 
procedure was performed under either ultrasound with fluo- 
roscopy or CT with or without fluoroscopy. Both 8.3 F pigtail 
catheters and 10 F van Sonnenberg sump catheters were placed 
using the guide wire exchange method previously described by 
Gerzof et al,” van Sonnenberg et al,’ Ferrucci,“ and Rosen and 
Roven.” In cases where the abscess was located immediately 
beneath the abdominal wall musculature, the trocar method, witha 
van Sonnenberg sump eatheter was used as described by Gerzof 
et al,” and van Sonnenberg et al.’ Cavity contents were then 
aspirated, and the cavities were irrigated with saline. Sinography 
was performed in most instances. Instillation of antibiotics or 
N-acetylcysteine (Mucomyst) was not done routinely. Catheters 
were subsequently placed on either gravity or low-suction 
drainage, and daily irrigations with 10 to 20 mL of saline were 
carried out. Abscess cavity evolution was assessed using a combi- 
nation of sinography, ultrasound, and CT scanning. 


SD 


Transperitoneal drainage was used to treat 26 of the abscesses in 
this group (the final one was drained extraperitoneally) and both 
Penrose drains and sump catheters were employed. Abscess 
cavities were routinely evacuated of all pus and necrotic debris 
prior to closure of the fascia leaving the skin and subcutaneous 
tissues packed open. Irrigation of the abdominal cavity with 
antibiotic-containing solutions was done routinely. Evolution of the 
abscess cavity was likewise assessed using a combination of 
sinography, ultrasound, and CT scanning. 


RESULTS 


Fifteen men and 12 women (mean age, 54.3 years) who 
underwent PD of intra-abdominal abscesses were compared 
with 14 men and 13 women (mean age, 56.5 years) who 
underwent SD of intra-abdominal abscesses. Abscess 
etiology is summarized in Table 1. Abscess location was 
identical in both groups and included the following loca- 
tions: subphrenic (n=10), subhepatic (n=5), lesser sac 
(n =3), pelvic (n= 3), right lower quadrant (n = 2), left lower 
quadrant (n=2), pancreatic (n=1), and retroperitoneal 
(n=1). The mean duration of drainage was 30.8 days (range, 
one to 120 days; median, 23 days) in the PD group and 15.9 
days (range, one to 44 days; median, 14 days) in the SD 
group (P<.02). The mean duration of follow-up was 12.6 
months in the PD group and 18.7 months in the SD group. 
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Table 1.—Etiology of intra-abdominal Abscesses* 


No. (%) 





PD SD Total 
















Postoperative 22 (81.5) 18 (66.7) 40 (74.0) 
Pancreatitis 2 (7.4) 3 (11.1) 5 (9.2) 
Crohn's disease 2 (7.4) 2 (7.4) 4 (7.4) 
Diverticulitis 1 (3.7) 1 (3.7) 2 (3.7) 
Postcolonoscopy 1 (3.7) 1 (1.9) 
Perforated cholecystitis NB. 1 (3.7) 1 (1.9) 
Perforated ulcer 1 (3.7) 1 (1.9) 
Total 27 (100.0) 27 (100.0) 54 (100.0) 











*PD indicates percutaneous drainage; SD, surgical drainage. 





No. of Patients 
-_-_-_----—  , 
PD (N=27) SD (N=27) 
Comparable 
Inadequate drainage 7 4 
Recurrent abscess 1 0 
Septicemia 2 4 
Inadvertent enterotomy 1 0 
Total No. (%) 11 (40.7) 8 (29.6) 
Specific 
Catheter blockage 10t 
Catheter migration 1 







Catheter dislodgment 1 mp 
Wound dehiscence ae 1 
1 


Unrelated to drainage 
Frontal lobe infarct 0 


Nineteen (70.4%) of 27 PD and 23 (85.2%) of 27 SD 
abscesses were successfully treated. These results are not 
significantly different. Morbidity associated with abscess 
drainage was also not significantly different between the 
two groups and is summarized in Table 2. 

Comparable morbidity was 40.7% (11/27) in the PD group 
vs 29.6% (8/27) in the SD group. This excludes catheter- 
related problems that occurred a total of 12 times in six 
patients with PD and one episode of wound dehiscence in a 
patient with SD since these complications are exclusive to 
each drainage procedure and constitute specific mor- 
bidity. 

In the PD group, there were four early failures related to 
ongoing sepsis. These occurred at 2, 3, 5, and 9 days. Two of 
the four patients had fatal outcomes following an operative 
attempt to control sepsis. A third patient died a late 
respiratory death with no sepsis demonstrated at the time 
of autepsy. Fistulae complicated two cases in this group. 
Four late failures occurred in the PD group at 20, 20, 23, and 
24 days, and subsequent operative intervention was suc- 
cessful in three; the fourth patient died of ongoing sepsis. 
Fistulae complicated two cases in this group as well. Cases 
are detailed in Table 3. 
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Table 3.—Failures of Abscess Drainage* 


















Abscess Reason for No. of 
Patient/Age, yr/Sex Diagnosis/Operation Location Treatment Failure Days Associated Findings 
PD 
Early 
1/69/M Ampullary cancer/Whipple's Subhepatic US Peritonitis 2 Bile leak 
2/83/F Ulcerative colitis/APR Pelvic CT Septic shock 3 lleocutaneous fistula 
3/63/F Perforated DU/ Subhepatic US Fever, pain 5 
laparotomy and drainage 
4/4 2M Bleeding DU/V and P RLQ CT Pain, >WBCs 9 Renal transplant 
Late 
5/54:M Gastric cancer/resection R subphrenic US Fever 20 Suture blocked drain 
6/62: Pancreatic cancer/Whipple's R subphrenic US Sepsis 20 whe 
T/63iF Crohn's disease/ LLQ CT Fistula 23 LS bowel fistula 
incision and drainage 
8/71/F Cholangiocarcinoma/ Lesser sac US Fever 24 Colocutaneous fistula 
laparotomy and bypass 
SD 
Early 
1/54/F Pancreatitis/laparotomy R subphrenic US Sepsis 5 Acute, gallstone 
and drainage 
2/740 Pancreatitis/laparotomy L subphrenic US Sepsis 5 Acute, gallstone 
and drainage 
3/69/F Ampullary cancer/Whipple's Lesser sac US Sepsis 7 Chronic pancreatitis 
Late 
4/62/M Colonic cancer/R colectomy RLQ CT Fistula 42 lleocutaneous fistula 


*PD indicates percutaneous drainage; SD, surgical drainage; US, ultrasound; CT, computed tomography; APR, abdominal perineal resection; DU, duodenal 
ulcer; WBCs, white blood cells; RLQ, right lower quadrant; LLG, left lower quadrant; V and P, vagotomy and pyloroplasty; and LS, large- and small-bowel 
fistulae. 


Overall, 13 fistulae were identified among the 27 patients patients with severe acute biliary pancreatitis required one 


who underwent PD of abscesses. Ten fistulae closed spon- and two subsequent operative débridements but eventually 
taneously, and three required operative intervention aftera recovered. One patient who had undergone a Whipple’s 
trial of conservative treatment. Only one fistula was secon- procedure for carcinoma of the ampulla of Vater and who 


dary to the PD procedure and was successfully treated by had a history of chronic pancreatitis died. Cases are de- 
colostomy at 24 days. Mean duration of drainage in those tailed in Table 3. 


patients who underwent PD with fistulae was 69 days A total of five fistulae were identified among the 27 
(median, 58 days) compared with a mean of 16 days (median, surgically drained patients (18.5%), four of which closed 
23 days) in patients who underwent PD without fistulae. subsequent to abscess drainage. Mean duration of drainage 

In the PD group, three patients had had a total of four in those patients who underwent SD with fistulae was 19 
attempts at operative drainage of abscesses prior to under- days (median, 17 days) compared with a mean of 16.3 days 


going PD that was curative in every case. One patient had a (median, 13 days) in patients who underwent SD without 
left subphrenic abscess following left hemicolectamy, one fistulae. The only failure encountered was in the patient 
had a left subphrenic abscess following a gunshot wound to with the ileocutaneous fistula described above. 


the left upper quadrant, and the third developed a left lower In no case of surgical drainage had a previous attempt to 
quadrant abseess complicating colon resection for Crohn’s control intra-abdominal sepsis by PD been made. 
disease. There were no fistulae among these three patients. The assessment of severity of illness using the APS 


The radiological technique used to drain the abscesses in developed by Knaus et al™” revealed a mean APS of 8.3 and 
this group (ultrasound vs CT) did not influence the outcome 10.2in the PD and SD groups, respectively (not significant). 
so that there were five failures among 17 patients whose An APS below 15 is associated with a mortality risk of less 
abscesses were drained and followed by ultrasound and than 10.0%. 
three failures among ten patients whose abscesses were The mean APS of those patients in whom abscess 
drained and fellowed by CT scan. i drainage failed was significantly higher in the SD group 

All four failures in the SD group were related to ongoing (15.0), compared with the PD group (9.3, P<.04) as well as 
sepsis and occurred at 5, 5, 7, and 42 days. The three early compared with patients successfully drained surgically 
failures were in patients with pancreatic pathologic condi- (8.6, P<.05). No difference was seen in the mean APS 
tions. The late failure involved an ileocolic anastomotic leak between PD successes and failures (7.6 vs 9.3, not signifi- 
with an ileocutaneous fistula that failed to close despite six cant). 
weeks of total parenteral nutrition and sump drainage. Two Microbiological assessment of all abscesses is samma- 
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Table 4.—Microbiology of Abscesses* 
No. (%) 
[ÁÁ— as 
PD SD 


Anaerobic wed ye 










Enterococcus 7 7 
Bacteroides fragilis 2 7 
Enterobacter 1 4 
Staphylococcus aureus 2 1 
Proteus mirabilis 1 1 
Total 54 59 
Mean No. of bacteria/patient 2.0 2.2 


*PD indicates percutaneous drainage; SD, surgical drainage. 

+Both patients who had sterile collections (Gram’s stain revealed white 
blood cells but no organisms were cultured) had been receiving broad- 
spectrum antibiotics forfive and seven days each prior to abscess drainage. 


rized in Table 4. Antibiotic treatment did not vary between 
the two groups and generally consisted of an aminoglyco- 
side and an antianaerobic drug plus either a cephalosporin 
or ampicillin. 

Thirty-day mortality was 11% (3/27) in the PD group and 
7.4% (2/27) in the SD group (not significant). All PD deaths 
and one SD death were related to ongoing sepsis. The final 
SD death was secondary te a leaking abdominal aortic 
aneurysm and massive myocardial infarction. 


COMMENT 


The morbidity and mortality rates for intra-abdominal 
abscess have remained high despite the advent and utiliza- 
tion of antibiotics.“ Delay in diagnosis with subsequent 
development of organ failure, inadequate predrainage ab- 
scess localization, and failure of host defense mechanisms 
have been the reasons most often cited as being responsible 
for their failure to-decline.*” The use of ultrasound and CT 
scanning has undoubtedly contributed to the recent decline 
in mortality rates” because of their ability to diagnose and 
localize abscesses early. In addition, improved methods for 
culturing anaerobic bacteria have shown us that these 
bacteria are important pathogens in intra-abdominal ab- 
scesses, and resulting changes in antibiotic utilization pat- 
terns may also be contributing to the decline in fatalities. 

The mean duration of PD in this series was longer than 
both SD in this series and PD in most other series.*”°°"" 
This is explained in part by the 48% (13/27) incidence of 
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associated fistulae in the PD group compared with 18.5% 
(5/27) in the SD group. 

The comparable morbidity of PD (40.7%) was not signifi- 
cantly different from that of SD (29.6%). Twelve catheter- 
related problems occurred in six patients with PD that 
required additional radiological manipulations, while one 
wound dehiscence occurred in the SD group. Overall, fail- 
ures were related to persistent sepsis in six of eight patients 
with PD and three of four patients with SD. Fistulae 
accounted for the remaining two of eight PD and one of four 
SD fzilures. 

Early reports of PD abscesses®*” suggested that the 
presence of a fistula was a relative contraindication to PD. 
More recent studies®* report encouraging results albeit with 
longer drainage periods. The present study demonstrates 
favorable results in ten (76.9%) of 13 PD abscesses that were 
associated with fistulae. 

The presence of fungus within an abscess has been 
considered by Pruett et al” to be associated with an 
increased failure rate ef PD. This was not borne out in the 
present study where all four abscesses in the PD group that 
grew fungus resolved without incident. 

Severity of illness was not significantly different be- 
tween the two groups and, based on previously published 
data,”*”" predicted a mortality rate of less than 10% that 
was corroborated by our data. Significant however, is the 
fact that SD failures had higher APS than both SD suc- 
cesses and PD failures. This suggests that patients in whom 
SD failed represented a sicker group of patients. The PD 
successes by contrast, had APSs that were not significantly 
different from PD failures and suggest that PD may have 
technical limitations. 

There was an increased incidence of polymicrobial 
cultures in the PD group (77.8%) compared with other PD 
series (17% to 54%),”"*™ but this figure is not dissimilar from 
that reported by Bonfils-Roberts et al° on surgical abscess 
cultures. The decreased incidence of anaerobic and mixed 
cultures (0% and 25.9%, respectively) in the present series 
compared with 17% and 35% found in Aeder and colleagues’ 
report” and might reflect our inattention to proper trans- 
port and handling of specimens for anaerobic processing. 
Overall, an average of 2.1 organisms were cultured per PD 
abscess compared with 1.6 reported by Aeder et al.” 

Mortality was not significantly different between the two 
grouns in this series and was comparable with previously 
published figures relating to PD of intra-abdominal ab- 
scesses. 6790182 The mortality rate for surgical drainage 
is, however, considerably lower than previously reported. 
Bonfils-Roberts et al® reported a 26.86% mortality rate for 
SD cf subphrenic abscesses that represents a figure based 
on cases encountered between 1955 and 1975 prior to the 
availability of ultrasound or CT scanning. Similarily, the 
43% mortality rate reported by DeCosse et al” represents 
data based on 60 patients who underwent drainage between 
1962 and 1972 without the benefit of ultrasound or CT 
scanning. In Deck and Berne’s 1979 publication,“ an 11% 
mortality rate in 44 patients who underwent either extra- 
serosal or transperitoneal drainage of subphrenic abscesses 
represents the earliest series in which ultrasound was a 
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Table 5.—Outcome of PD and SD in Literature* 


No. Patients/ 
Source No. Abscesses PD or SD 
j 67/71 


n Sonnenberg et al? 51/58 


Drainage 


raaa OOO 


% Success % Failure Drainage, Days 


Duration of 


% Completions % Mortality 


Gerzof et a PD 86 14 20.2 15 16.4 
V PD 85 15 T 8.6 3.6 


14.3 


a 
Karlson etal” 33/35 PD 71.4 28.6 NA NA 0 
i PD 85.7 9 5 7.5 





























MacErlean ans Gibney"' 40/42 

Mandel et al® 24/24 PD 75.0 25.0 NA 4.0 NA 

Brolin et al? PD 91.7 8.3 11.7 8.3 0 
SD 12.5 20.8 


Johnson et af PD 


Glass and:Conhn'? 


Aeder et al?° 


Halasz and van Sonnenberg® 


*PD indicates percutaneous drainage; SD, surgical drainage; and NA, not applicable. 
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part of the diagnostic armamentarium. These large varia- 
tions in results of SD can now be controlled for using the 
APS or other standardized scoring system to ensure compa- 
rability of groups. The differences in outcome can be seenin 
Table 5, which summarizes results of PD and comparative 
studies of PD and SD. Until scoring systems establishing 
severity of illness are utilized, the variable results seen in 
these studies cannot be interpreted. The similarity of 
results in this study for patients with comparable degrees of 
illness suggest that the techniques may be equivalent 


Clinically Improved Persistent Sepsis Clinically Improved although failure in the PD group was slightly higher. 
| The drainage algorithm presented in the Figure repre- 
: ETE > sents the present approach to intra-abdominal abscess at 
PEEP em eg tee Follow-up Sur institution. While it is understood that PD will not be 
ee | Vara aaa curative in every situation in which it is used, especially as 
s | the criteria for drainage expand, it may have a role as a 
Reposition or Ghamge Surge ? Percutaneous  temporizing procedure in certain instances.“ If PD can 
Catheter or Multipie Drainage Drainage z 3 EER á ; - 
Catheters gain partial control of a septic situation, it will allow the 
surgeon to better resuscitate his patient prior to operation 
Drainage algorithm. and thereby reduce the morbidity and mortality associated 
with general anesthesia and major surgery in critically ill 
patients. 
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Discussion 


STEPHEN G. GeRzor, MD, Boston: I must compliment the 
authors on another excellent article. It is a retrospective analysis, 
however, and the cases are admittedly somewhat imperfectly 
matched, ie, the higher incidence of enteric fistula in the PD group. 

I agree with the authors’ statement, “it would be considered 
unethical to conduct a prospective randomized clinical trial” of SD 
to PD. I feel that implicit in this statement is a concept that should 
be stated explicitly, that is, in view of the PD alternative, SD is 
itself a morbid event. which may be unnecessary for any case that 
could be drained percutaneously. In this context one might 
consider SD to have a 100% morbidity. 

A further comparison of SD and PD must consider the nature of 
their complications. Minor catheter-related problems can hardly 


_ be considered in the same league with wound infections or a 


dehiscence, and I ampleased to see that the authors have made this 
distinction in their presentation. 

When I reviewed the three other articles that compared oper- 
ative SD with PD, by Glass et al, Johnson et al and Brolin et al, I 
found 21 complications in 102 operatively drained cases (21%) but 
only four complications in 63 percutaneously drained abscesses 
(6%). The SD complications included 11 wound infections, five 
enteric fistulae, four hemorrhages, and one wound dehiscence, 
while the PD complieations were two empyemas, a transient 
bleeding following irrigation, and a colonic perforation without 
sequelae. This confirms by distinct impression that not only are the 


_ complications of SD more frequent but also often more serious than 
those of PD. In my own review of 1,557 PD abscesses, I did not find 
_ a single case of wound infection with dehiscence. 


The authors recommend PD when there is a “safe drainage 
route,” the real key to the management decisions of the algorithm 


in the Figure. However, safety is a judgment decision and is 


relative: relative to the specific anatomy of each individual case, 
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relative to the patient’s condition, relative to the radiologist’s 
experience, and relative to the imaging and guidance modalities at 
hand; but I think it is also relative to the risks and safety of SD. 

A paper at a 1985 meeting of the American Roentgen Ray Society 
in Boston was entitled, “Unusual Routes for Percutaneous Abscess 
Drainage,” and was predicated on this concept. It described PD 
routes not normally considered safe, ie, routes crossing the normal 
liver, spleen, stomach, pleural space, colon, and sciatic notch to 
gain access to deeper abscesses. 

Sinee both the entry criteria, as well as the access routes for PD, 
are expanding, I feel that PD should be considered for almost every 
abscess as an initial mode of therapy, even intentionally used as a 
temporizing measure, with surgery reserved for those cases that 
fail or do not respond promptly. 

At present, I think the major issue is deciding if and when to 
operate following PD, and I wonder if the authors would comment 
on the value of the APS system for detecting the earliest signs of 
failure following PD as an indication of when to operate. 

Dr Oak: In response to Dr Gerzof’s question, yes, I do think 
the APS would be reasonable to use to try to make decisions about 
whether or not to operate on patients with PD who are not 
improving. I would point out that in contradistinction to the three 
articles mentioned, which compared PD and SD, there are at least 
two other series in which the complication rates are more compara- 
ble. These were published by Aeder and Halasz and showed that 
complications of PD vs SD were 31% vs 47%, and 27% vs 18%, 
respectively. 

The problem, however, with all of the studies published to date is 
that none has been prospectively randomized, none has assessed 
patient severity of illness prior to drainage, and all have used 
historical surgical controls. So, different studies cannot be com- 
pared, nor really can groups within the same study be compared. 
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Scheduled Reoperations (Etappenlavage) 


for Diffuse Peritonitis 


Wolfgang Teichmann, DH; Dietmar H. Wittmann, DH; Peter A. Andreone, MD 


èe Etappenlavage, a new concept of scheduled multiple lapa- 
rotomies with abdominal lavage for diffuse peritonitis, has 
been in use since 1979. The purpose of etappenlavage is to 
ensure exclusion of the infected source, promote maximal 
elimination of toxic necrotic material, and allow prompt recog- 
nition of complications to effect immediate repair. Patients 
with diffuse peritonitis at high risk of developing multiple 
system organ failure (as assessed by high scores in the 
Peritonitis Index Altona and Acute Physiology and Chronic 
Health Evaluation classifications) were routinely reexplored 
on a daily basis until evidence of improvement or healing was 
noted. From 1980 to 1984, 61 patients with intra-abdominal 
sepsis were treated. Thirty-four cases were due to spon- 
taneous perforation of an intestinal viscus, and 27 cases were 
secondary to postoperative infections. In 51 cases the primary 
process was present for more than 48 hours. A total of 235 
etappeniavages were performed (mean, 3.9 per patient). In ten 
cases, additional bowel lacerations were noted and repaired at 
the second laparotomy. In the last 31 patients, closure with a 
zipper has facilitated reoperation. No drains were used. After 
definitive closure, primary wound healing was seen in 79% of 
cases. The overall mortality in this high-risk group was 22.9%. 

(Asch Surg 1986;121:147-152) 


spite many technical advances in surgery, mortality 
from intra-abdominal infection (IAI) remains high, 
presenting a continuing therapeutic challenge. In an effort 
to improve treatment results, new operative techniques 
have been developed and standard therapies reevaluated in 
the setting of modern intensive care support (Table 1). 
There is no question that further improvement in therapeu- 
tic results with all methods is a necessity. 
The application of proper surgical principles is limited in 
these infections since it is almost impossible to ensure 
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adequate drainage and eliminate the infectious source 
totally with available methods. Often, the infection spreads 
to involve other organs before therapy can be instituted. 

To face this challenge, in 1979 we designed a new oper- 
ative method, etappenlavage,*™ to improve the therapeutic 
approach concerning two key issues: (1) the elimination of 
the infectious source, and (2) the evacuation of toxic ne- 
crotic material. The method was presented in 1980" and 
results were published in 1982" and in 1984 and 1985. 
Through May 1985, 82 patients have been treated with 
etappenlavage. The following report deals with the first 61 
patients treated from 1980 to 1984. 


PATIENTS AND METHODS 
Patients 


From 1980 to 1984, a total of 437 patients were operated on for 
IAI (excluding gunshot wounds) at Altona General Hospital, 
Hamburg, West Germany. Sixty-one patients (14%) had advanced 
diffuse peritonitis with impending or established multiple system 


Table 1.—Mortality Rates of Different Operative 
Techniques for Intra-abdominal Infection 


% of Patients Treated 


Standard Postoperative 
Therapy Lavage 


Open 
Package 


Hollender et al'? 
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Fig 1.—Abdominal cavity after opening ordinary zipper that was 
used initially. 
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Fig 3.—Female patient, 46 years old, with diffuse peritonitis due to 
unrecognized iatrogenic colon perforation 15 days before first 
scheduled treatment. Multiple system organ failure (anuria, pulmo- 
nary insufficiency, hepatic failure) was present at initiation of 
therapy. New zipper acapted to wound, taking into account large 
intra-abdominal inflammatory edema. Hemofiltration had to be 
continued. 


organ failure. Patients in whom adequate elimination of toxic, 
necrotic intraperitonea. material was not possible with one opera- 
tion were considered eandidates for the new technique. These 
patients then underwent temporary abdominal closure when the 
decision for repeated laparotomy was made at the time of the first 
operation. Only patients with diffuse peritonitis were entered in 
the study. 

Microbiologic specimens for anaerobic and aerobic cultures were 
taken initially, and at each subsequent lavage, for identification of 
pathogens and determination of minimal inhibitory concentra- 
tions, according to our previously described methods.” In seleeted 
cases to evaluate peritoneal healing, peritoneal biopsy specimens 
were taken for microscopic examination.” Antibiotic concentra- 
tions (protein-bound and protein-unbound portions) were mea- 
sured in peritoneal fluid representative of the side of infection.“ 

To classify these critically ill patients more objectively for 
severity of illness, their admission data was scored according to the 
Peritonitis Index Altona (PIA) system” and the Acute Physiology 
and Chronic Health Evaluation (APACHE II) system. ™” 
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Fig 2.—New zipper developed in our institution. Zipper is fixed to 
abdominal fascia. Its size can be adapted to the individual situation, 
ensuring minimal intra-abdominal tension. 
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Fig 4.—Abdominal cavity after 23 lavages with bowel function 
returning to normal. Zipper has been narrowed. Hemofiltration was 
discontinued. 


Operative Technique 


As previously stated, the cornerstone of etappenlavage is the 
decision to reoperate on a daily basis. At the initial operation the 
infectious source is eliminated either by suture closure, excision 
and anastomosis, or exteriorization. Any necrotic material is 
removed and the peritoneal cavity is then irrigated with an average 
of 8 L of Ringer’s lactate solution. Special care is taken to handle 
the intra-abdominal organs gently to prevent traumatic débride- 
ment and to minimize intraperitoneal bleeding. At the end of the 
procedure, the abdominal cavity is temporarily closed under no 
tension. In some cases to aid in the closure and to facilitate 
reexploration, an ordinary zipper was used."* More recently, we 
have developed a new zipper with variable sizes®*” (Figs 1 to 5). 
After 24 hours the abdomen is reopened in the operating room, the 
abdominal cavity is inspected and débrided, bacteriologic spec- 
imens are taken, and lavage is performed again with 8 to 10 L of 
Ringer’s lactate solution. Should new sources of contamination be 
found, the appropriate surgical procedure is performed. 

Repeated laparotomies are performed until the exudate is clear, 
the abdeminal cavity is clean, evidence of anastomotic healing is 
seen, and infectious sources are contained. The abdomen is then 
definitively closed without drains. The skin is also closed to enable 
“primary” wound healing. 


Etappenlavage—Teichmann et al 


ey a Cee? ae Ti 4 T3- coe, | Fi T swe Ti * > í Ay 
sy Si > + ey - S 
à z ‘ ‘ 





Fig 5.—Same cavity as shown in Fig 4 but with closed zipper. 
Patientrecovered and primary wound healing occurred. 


The patients remain intubated and receive mechanical ven- 
tilatory support during the relavage period. Early hemodialysis is 
used in cases of acute renal failure. 

The antibiotic regimen consisted of cefotaxime sodium (2 g/12 hr) 
with metronidazole hydrochloride (500 mg/12 hr) or moxalactam 
disodium (2 gil2 hr) or imipenem (1 g/6 hr), all administered 
intravenously. Cefoxitin sodium alone was used initially but later 
discontinued when a controlled study™ demonstrated it to be 
inferior to the combination of a third generation cephalosporin and 
metronidazole. 


RESULTS 


From 1980 to 1984, 61 patients with diffuse peritonitis 
underwent a ‘otal of 235 scheduled repeated laparotomies, 
ie, 3.9 per patient. The median age was 63 years (16 to 82 
years). Sixty-five percent were female patients. Fifty-six 
percent of the infections were due to perforation of an 
intestinal viseus secondary to inflammation, ileus, or other 
causes. Almost half of the infections were due to anasto- 
motic leakage. The median duration from onset of signs of 
infections to mitial etappenlavage was 117 hours (17 to 336 
hours). Meehanical ventilatory support was necessary for a 
median of 19 days (three to 90 days). Other patient data are 
summarized in Table 2. Initial laboratory values are shown 
in Table 3. 

Multiple system organ failure was present in all our 
patients. The number of other organs involved is summa- 
rized in Table2. The mean index on the PIA” and APACHE 
II”” systems< Table 4) underscored the high-risk nature of 
our patients. Leukopenia and leukocytosis were present in 
36% and 39%-of patients, respectively. Thrombocytopenia 
was present in 23% of patients. The initial serum creatinine 
level was elevated in 85% of patients, and abnormal hepatic 
function tests were present in 89% of patients. 

The-operations performed were as follows: 


Procedures n 
Zipper techniques 31 
Smal-bowel anastomoses 12 
Ileocolostomies 5 
Large-bowel anastomoses 4 
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Table 2.—Patients and Methods 


No. of patients (61) 
M 





p 34 56 
Postoperative infection 27 41 
Nonpostoperative infection 34 56 


Origin of infection (68 total infections) 


Stomach/duodenum 11 18 
Hepatic-bilipancreatic system 11 18 
Jejunum/ileum 15 25 
Appendix 1 2 
Colon, (intraperitoneal) 21 34 
Gynecologic 6 10 
Urogenital 1 2 
Other 2 3 
Appearance of exudate at first operation 
Fibrinous 4 7 


Purulent 
Feculent 
Bilious 
Number of additional risks 


Cardiovascular system 49 80 
Malignant neoplasms 26 43 
Pulmonary system 18 30 
Hepatic diseases 11 18 


Renal diseases 
Diabetes mellitus 
Other 








Signs of organ system failure at entrance into study 
One organ 5 
Two organ systems 35 57 
Three organ systems 18 30 


Four organ systems 


Closure of duodenal stump 3 
Hartmann procedure 9 
Simple bowel suture 10 
Suture and colostomy 5 
Biliary tract reconstruction 7 
Lavages only 174 


Twenty-one anastomoses healed primarily. Operative com- 
plications noted during the subsequent laparotomies in- 
cluded leakage of anastomosis (n=4), leakage of duodenal 
stump (n= 8), iatrogenic bowel perforation (n= 2), and cecal 
fistula (n=1), for an overall rate of 18%. 

All antibiotics, except cefoxitin, yielded sufficiently high 
concentrations in the peritoneal cavity, as previously pub- 
lished.” Elimination of pathogenic bacteria was seen with 
all antibiotic regimens (except cefoxitin) when adequate 
operative treatment was performed. The addition of amino- 
glycoside or other drug combination was necessary in 
selected cases in which Pseudomonas aeruginosa, Entero- 
bacter cloacae, or Enterobacter aerogenes was cultured. 
The emergence of Streptococcus faecalis was noted in 12% of 
the patients in the course of their treatment, but in most 
cases it was eliminated without specific treatment when the 
abdomen was definitively closed. Intravenous catheters 
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Table 3.—Initial Laboratory Values of Patients 
Who Underwent Scheduled Repeated Laparotomies 
















Leukocyte count per cu mm 
<5,000 10 16 
5,001-10,000 12 20 
10,001-15,000 15 24 
>15,000 24 39 
Thrombocyte count per cu mm 
<50 4 7 


51-100 
101-150 
151-200 
201-250 
>250 


Serum bilirubin, g/dL 
<1.0 


1.0-2.0 
2.1-3.0 
3.1-4.0 
>4.0 


Serum Creatinine, g/cL 
<1.2 14 


1.2-2.0 
2.1-3.0 
>3.0 



















were changed frequently to limit problems due to Staphylo- 
coccus epidermidis. Epidural anesthesia was used in all 
patients. Duration of treatment averaged 40 days (range, 
three to 150 days). 

Overall mortality was 22.9% (14/61). The mortality rate 
was similar for both postoperative IAI patients (22.9%) and 
patients with spontaneous perforations (23.5%). Primary 
wound healing was seen in 79% of patients after definitive 
closure. Complications of closure included late intra-ab- 
dominal abscesses in six patients, subcutaneous abscesses 
in three patients, and wound dehiscence in four patients 
(Table 5). 


COMMENT 


Etappenlavage for diffuse peritonitis is a new operative 
method first presented in the United States in 1980." It 
differs from earlier controlled evisceration®””” since the 
abdomen is temporarily closed without any increase in 
intra-abdominal pressure. Recent reports by Kerremans 
et al® and Kern et al” present their results using similar 
methods. 

The concept of ezappenlavage for diffuse peritonitis en- 
sures better elimination of the infectious source, better 
reduction of the bacterial inoculum in the peritoneal cavity, 
better elimination of toxic necrotic material, and earlier 
diagnosis and therapy of postoperative complications. 
Etappenlavage represents a flexible therapeutic modality 
that avoids the camplications seen with intraperitoneal 
drains. The relatively low mortality (22.9%) in this high- 
risk group compares very favorably with conventional 
surgical therapy (Table 1) and attests to its useful- 


ness 1,3-8,11,12,26-30 
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Table 4.—Classification of Patients According to 
Peritonitis Index Altona—Risk for Patients With 
intra-abdominal Infection* 


| Reference Points Mean Index 


Died 
Alive 
All 
SRLAP patients 
Died 
Alive 
All 
*SRLAP indicates scheduled repeated laparctomies. 


Table 5.—Results of Etappenlavage 


Fraction % 


Mortality 
Postoperative intra-abdominal infection 


All other intra-abdominal infections 


















Wound healing 
Primary 


Subcutaneous abscess 
Wound dehiscense 





Late-occurring intra-abdominal abscess 


Not all patients with IAI are suitable candidates for 
etappenlavage, and it is difficult to exactly define who 
would benefit from this procedure. Common features seen 
in our patients included history of symptoms greater than a 
48-hour duration, diffuse peritonitis at first operation, and 
multiple system organ failure.” Based on our experience we 
estimate that between 10% and 20% of nontrauma IAI 
patients in a community hospital might benefit from etap- 
penlavaze. 

At Altona General Hospital postoperative IAI accounted 
for 21% of all patients treated for peritonitis but for 47% of 
patients in this series. Since postoperative peritonitis can 
carry a mortality as high as 50%,” and given our results, we 
feel etappenlavage can be particularly useful in postopera- 
tive peritonitis. 

To help stratify our patients, we classified them accord- 
ing to both the PIA and APACHE II system. According to 
the PIA index, which classifies prognosis based on five 
parameters at the initiation of treatment (age, spread of 
infection, malignancy, cardiovascular risks, and leuko- 
penia), developed at our institution,” most patients be- 
longed to a high-risk group with a mean index of 1.04 
compared with reference patients who had a mean of 0.62. 

By means of discrimination analysis, we were able to 
predict the correct outcome in 87% of the cases. With a PIA 
of 1.4, the likelihood of death was 90.5%; with a PIA of 0.39, 
the likelihood of survival was 85.6% (t=7.11; df=89). The 
index of reference patients who died was 1.45, whereas the 
index of patients in our series who died was 1.59. Work with 
the index is still in progress and results should be consid- 
ered as preliminary data. By comparison, classification of 
patients according to the APACHE II system” resulted in 
a mean score of 23.4 (score of 17 to 25, n=41; score of 26 to 
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30, n=20). The data from Dellinger et al” studying 187 
patients at five medical centers indicated that patients with 
these scores had between 35% and 50% mortality. The high- 
risk nature of our patients is not surprising given the 
additional risk factors and degree of organ failure seen in 
our patients (Table 2). 

During the lavage period we discovered additional prob- 
lems not seen at the first laparotomy; these problems might 
have been missed by other operative techniques. Etap- 
penlavage also allowed inspection of a newly created anasto- 
mosis. 

Both aerobic and anaerobic bacteria were isolated at the 
initiation of therapy. Most strains were quickly eliminated 
with etappenlavage, especially Escherichia coli and Bacte- 
roides fragilis. Pathogens most likely to persist were Enter- 
obacter sp, P aeruginosa, streptococci, and Bacteroides sp. 

We feel that etappenlavage, the technique of scheduled 


reoperations and lavages, enables better surgical treat- 
ment of critically ill patients with diffuse peritonitis. At 
Altona General Hospital 14% of patients with intra-abdomi- 
nal infection qualified for etappenlavage. These patients 
were characterized by diffuse peritonitis, generally of more 
than 48 hours’ duration, by failure of at least two organ 
systems, and by high scores on the PIA and APACHE II 
classification. 

There are still many questions to be answered. What, if 
any, influence does etappenlavage have on host defenses? 
What is the best lavage interval? What place does etap- 
penlavage have when compared with other modalities (eg, 
percutaneous drainage, controlled evisceration, postopera- 
tive lavage) in treatment of patients with intra-abdominal 
infections? We feel that further prospective studies are 
necessary to help answer some of these important ques- 
tions. 
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Discussion 


JONATHAN L. MEAKINS, MD, Montreal: I was going to show 
some slides of our own experience in this area, but they look exactly 
the same as the Figures of the last three cases. The one difference 
we have in terms of using a zipper is that in the operating room we 
secure polyproprlene (Marlex) mesh to either the skin or the fascia 
and then assign the patient to the intensive care unit the next day. 
Depending on the nature of the patient’s status, such as obtunda- 
tion, we do most of the scheduled repeated laparotomies in the 
intensive care unit. 

Concerning the three cases we saw, you would have a difficult 
time persuading me that those wounds could be closed primarily. 
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Our experience with that kind of bulging gastrointestinal tract that 
is very edematous and infected, as we have already reviewed with 
you, simply is not consistent with primary closure because you 
cannot get the fascia together underneath it. So, what was the 
difference between the population of patients in whom you could 
perform primary closure and the type of patients shown in the 
three cases? 

In terms of persuading general surgeons that this is a viable 
procedure, it becomes very difficult to describe the case in which 
this procedure is an appropriate form of therapy. We cannot publish 
cases such as we have seen because it simply takes up too much 
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space, and we need to define the criteria by which this sort of 
procedure is indeed useful. 

The mortality rate in our experience, about 16 cases to the 
present time, is 25%. I am embarrassed to say I cannot give you the 
acute physiological scores of those patients. That is a definite 
classification of where they stand physiologically together with the 
predictable mortality based on other patients. Those data are 
presently being collected. It is only by doing that kind of stratifica- 
tion that we will be able to compare series such as the present one 
with others and knew whether we are indeed identifying and 
treating the same population of patients. I would submit that in 
some part we are not. We are certainly not able to close any of the 
patients we have ever dene primarily. 

One other thing that can be done occasionally in this situation 
through the zipper—it is sort of a wild idea—is a right hemicolec- 
tomy or a cholecystectomy by just undoing the zipper without 
going through a lot ofthe difficulties of reoperating on patients who 
subsequently get these ischemic problems. 

RoNALD LEE NicHoLs, MD, New Orleans: The authors differ- 
entiated between feculent and purulent appearances of the exu- 
date. Was there any special reason? How did you differentiate 
between the two kinds? 

I have utilized zippers.extensively and am curious to ask, did you 
run across any technica! problems? 

Tommy Skau, MD, Linkoping, Sweden: Other German col- 
leagues, Dr Kern and co-workers [reference 27], also treated 
patients with generalized peritonitis with scheduled repeated 
laparotomies in the same way as you demonstrated here. They 
reported a mortality of 48%. Why did the mortality rates differ so 
much? Were your patients more severely ill than their patients? In 
that case, did the mean PIA of your patients significantly differ 
from that of their patients? How reliable is the PIA as a prognostic 
index? 

Finally, have you planned to compare this treatment regimen 
with a standard operating procedure in a randomized study to 
avoid doubts about the significance of your good results? 

Davip AHRENHOLZ, MD, St Paul: What kind of lavage do you 
perform? Do you use saline or add antibiotics, and how do you 
decide? 

Are all patients taken back to the operating room for reexplora- 
tion? We are concerned about repeated exposures to the stresses of 
an anesthetic, so frequently we too will reexplore these patients in 
the intensive care un:t. We have not used zippers. We use polypro- 
pylene (Marlex) mesh and to explore the wound we make an 
incision through the mesh and close the incision with a large 
monofilament suture when done. If we find evidence of a major 
problem, the patient is taken to the operating room for more 
definitive therapy. 

GEORGE MacuiEpo, MD, Newark, NJ: I would like to point out 
that you had a 16% meidence of “delayed” complications such as 
anastomotic leaks. Were those found at operation or caused by the 
reoperation? 

Mark A. Matanconl, MD, Louisville: Did you break down all 
of the adhesions between the various small-intestine loops? If so, 
do you think this led to any complications? 

I am not convinced that your qualitative evaluation of the 
effluent of the lavage solution is a sufficient indicator to cease 
further repeated laparotomy. I wonder if you had looked at any 
quantitative or qualitative cultures of this effluent as an indicator 
to stop this procedure. 

BRIAN J. RowLanps, MD, Houston: One of the bits of informa- 
tion that may help us to define this population for repeated 
laparotomy would be for you to tell us how many patients with a 
prognostic index below 1 subsequently came to operation. 

I have used this technique with Silastic sheeting, and perhaps 
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several benefits to the patient that have not been mentioned should 
be discussed. For example, this technique avoids closure under 
tension and may have beneficial effects on hemodynamics, renal 
function, and the respiratory system by avoiding the splinting of 
the diaphragm. 

Drs WITTMAN and TEICHMANN: First of all, Dr Meakins, you 
asked what patients are eligible for this type of operation. We think 
these are patients who have diffuse peritonitis, a history of 
infection for more than 48 hours, and a PIA index of more than 1. 
These patients are most likely to develop what we discussed, in the 
panel discussion, by criteria of impending renal impairment and by 
impairment of the cardiovascular, pulmonary, and hepatic func- 
tions. However, we have problems in defining these patients, and 
we think about 20% of our patient population would have done well 
also witn the other technique, although the other patients really 
were so severely sick that we thought it was important that they 
should be included. In our study group of peritonitis in Germany, 
we will fix these criteria and design a control study, if possible, to 
solve these problems. Also, I think it is a good suggestion to use the 
APS score and APACHE II on our patients; I hope we can report on 
that. 

Dr Nichols asked about the difference between feculent and 
purulent exudates. We judged the difference by appearance. We 
did net use any special apparatus to make that differentiation. In 
addition, we did not have any technical problems with the zipper. It 
was very easy to suture and resuture it and to take it out later. 

Dr Skau asked about the difference between the Kern et al series 
and our series. I think Dr Kern in southern Germany knew from 
our institution how the procedure was done. They reported results 
with our method. But they did not use any index, so we do not 
really know whether the patient groups are comparable. 

Dr Ahrenholz asked about the kind of lavage that was used. We 
used enly Ringer's solution. We did not use any additional anti- 
biotic in the lavages because three years ago we presented data on 
the kinetics of the antibiotics going into the peritoneal fluid, and we 
know what is going on in terms of concentration. We did not think 
local administration was necessary. Our antibiotic treatment was 
cefotaxime plus metronidazole, in most cases. In some cases we 
used only moxalactam, and in some recent patients we have used 
imipenem as an antibiotic. 

There was a question concerning how we took the patients to the 
operating room and whether the patients did withstand the 
procedures. As we pointed out, most of the patients were receiving 
general anesthesia in our intensive care unit, and we took them to 
the operating room to do the lavage. Only in very selected cases 
were we able to do it in the intensive care unit, but we think that 
having a proper operating room setup would help us do a better job. 
The patients did tolerate this procedure without any additional 
problems. 

Dr Malangoni asked about adhesions. If we do break down the 
adhesions, we do so with gentle débridement during our different 
operations, if possible. 

Another question concerned how we judged when to close the 
abdomen. We looked for clear exudate. Of course, we also mea- 
sured bacterial concentrations in the fluid. However, this is ex- 
tremely difficult because you do not have consistent data, and we 
are working on that point. In spite of the fact that in some patients 
we still could isolate some bacteria when the fluid was clear, we did 
not consider these bacteria to be very pathogenic. So, we cannot 
give a definite answer. 

We think the comment about hemodynamics and renal function, 
that is, leaving the abdominal cavity without tension, is a very 
important issue and we think this is one reason why we had some 
success with the procedure. 
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Single-Antibiotic Use for 
Penetrating Abdominal Trauma 


Robert M. Nelson, MD; Pamela R. Benitez, MD; Michele A. Newell; Robert F. Wilson, MD 


e A prospective randomized study compared the use of 
moxalactam disodium vs clindamycin phosphate and tobra- 
mycin sulfate for treatment of 190 patients with penetrating 
abdominal trauma. Twenty-seven patients were disqualified 
because of early death or failure to follow the protecol. The 
patients in each group were comparable regarding the cause 
and severity of injury. No significant difference was seen in the 
incidence of intra-abdominal infection between the moxalac- 
tam-treated group (13%) and the clindamycin- and tobramycin- 
treated group (9%). The intra-abdominal infection rate in pa- 
tients with colon injuries (21%) was significantly increased 
when compared with the patients without colon injuries (6%), 
but the antibiotic regimen did not significantly change the 
infection rate. No evidence of bleeding problems from mox- 
alactam were noted. Changes in prothrombin and partial 
thromboplastin times appeared to be related to shock rather 
than the use of moxalactam. The most severe coagulopathies 
occurred prior to moxalactam therapy and were seen only in 
those patients who had shock requiring 10 or more units of 
blood. Moxalactam is as effective as combination (clindamy- 
cin and tobramycin) antimicrobial therapy in patients with 
penetrating abdominal trauma. 

(Arch Surg 1986;121:153-156) 


better understanding of resuscitation and physiologic 

monitoring has contributed to a decline in mortality 
rates m patients with penetrating abdominal trauma to as 
low as 3% in some series. In spite of this, the primary cause 
of late morbidity and mortality is still intra-abdominal 
sepsis. Since World War II, antibiotic use has been firmly 
established as an important part of the management of 
patients with penetrating abdominal trauma. Furthermore, 
since it is now clear that both anaerobes (eg, Baeteroides 
fragilis) and gram-negative aerobes (eg, Escherichia coli) 
are found in cultures of abdominal wounds, multiple-drug 
therapy to cover both types of organisms has become 
standard. The possibility of a synergistic antimicrobial 
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effect has also contributed to the use of combination anti- 
biotic therapy.’ 

The availability of broad-spectrum cephalosporin antibi- 
otics, which have both aerobic and anaerobic coverage, has 
supported the speculation that single-antibiotic use may be 
appropriate for penetrating abdominal trauma. Fewer side 
effects, especially renal toxicity when compared with ami- 
noglycosides, and ease of administration have contributed 
to some enthusiasm for their use. In an effort to compare a 
standard two-drug regimen (clindamycin phosphate plus 
tobramycin sulfate) against a single cephalosporin (mox- 
alactam disodium), a prospective randomized study of pene- 
trating abdominal trauma was begun in July 1981. 


PATIENTS AND METHODS 


During the three-year period between July 1981 and July 1984, 
190 patients with penetrating abdominal trauma who had lapa- 
rotomies at Detroit Receiving Hospital were entered into a pro- 
spective randomized study that compared the third-generation 
antimicrobial moxalactam against clindamycin combined with to- 
bramycin. Twenty-seven patients were disqualified because of 
failure to follow the protocol or death before a course of antibiotic 
therapy could be completed. Of the remaining 163 patients, 78 
received moxalactam and 85 received clindamycin and tobramycin. 

After obtaining informed consent, all patients were randomized 
preoperatively in the emergency department to receive either 
moxalactam disodium in a 2-g dose at eight- or 12-hour irtervals or 
800 mg of clindamycin phosphate and tobramycin sulfate, 1 mg/kg 
every eight hours. Appropriate adjustment of tobramycin dosage 
for renal function was made. At laparotomy, cultures of the 
peritoneal cavity, wound site, and blood were taken. AN patients 
were reviewed daily by one of the investigators (R.M.N. or 
R.F.W.) or a clinical nurse specialist (M.A.N.). 

The length of postoperative antibiotic therapy was determined 
by the degree of intra-abdominal injury. All patients with hollow 
viscus injury received antibiotics for five days, and all patients 
with no hollow viscus injury received antibiotics for three days. If 
the patient had evidence of infection at the end of therapy, the 
antibiotic regimen was reevaluated by the attending surgeon. 
Prothrombin and partial thromboplastin times were monitored 
because of several reports of coagulopathy associated with the use 
of moxalactam. Phytonadione (vitamin K) was administered to 
patients receiving moxalactam for more than seven days. 

Exploratory laparotomy was performed on all patients with 
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No. EN aah ind ik neces A OSS of Patients 


Moxalactam Clindamycin Phosphate and 


Injury Cause Disodium Tobramycin Sulfate 
Gunshot wound 43 (55) 46 (54) 


Stab wound 28 (36) 34 (40) 
Other 7 (9) 5 (6) 


Table 2.—Severity of Injury 


















Clindamycin 
Moxalactam Phosphate and 
Disodium Tobramycin Sulfate 


Hollow viscus injury,* No. (%) 50 (64) 54 (64) 


Colon injury, No. (%) 30 (38) 26 (31) 

Shock (preoperative and/or 23 (29) 21 (25) 
intraoperative), No. (%) 

No. of organs injured, av 2.2 2.2 

Length of stay, days 17.9 (av), 14.4 (av), 


7.5 (mean) 9.5 (mean) 





*Including colon. 


gunshot wounds that penetrated the peritoneal cavity. Patients 
with stab wounds were treated selectively on the basis of clinical 
findings and/or evidence of penetration into the peritoneum. Colon 
injuries were managed, in general, based on previously published 
criteria.” All surgical incisions were closed primarily except in 
situations where significant fecal spillage or intra-abdominal in- 
jury contraindicated closure of the skin and subcutaneous tissue. 

Patients were considered to have an intra-abdominal infection by 
the presence of pus or a positive peritoneal culture on subsequent 
abdominal exploration. Statistical differences between the groups 
were determined by a x” analysis with a Yates’ correction. 


RESULTS 


Seventy-eight patients received moxalactam, and 85 pa- 
tients received clindamycin and tobramycin. Both groups 
were quite similar as to the incidence of gunshot wounds 
(55% and 54%, respectively) (Table 1), severity of injury 
(Table 2), and average age. 

The overall intra-abdominal infection rate in the moxalac- 
tam-treated group was 13% (10/78) and was greater than the 
9% (8/85) rate in the clindamycin- and tobramycin-treated 
group (x?=0.20; P>.5). Most of the intra-abdominal infec- 
tions occurred in the patients with colon injuries where the 
infection rate was 23% (7/30) with moxalactam and 19% 
(5/26) with clindamycin and tobramycin (Table 3). The 
infection rate following colon injury was not significantly 
higher in the moxalactam-treated group compared with the 
clindamycin- and tobramycin-treated group (x’=0.002; 
P>.5). However, the infection rate in patients with colon 
injuries (21%) was significantly higher than without colon 
injuries (6%) (x? = 7.83; P<.01) (Table 4). 

Thirty-four patients in the moxalactam-treated group 
had coagulation studies performed. Because of the possible 
effect of shock and massive transfusion on these studies, the 
patients were divided into two groups. Fourteen patients 
(group 1) had no shock and less than 10 units of blood 
transfused, and 14 patients (group 2) had shock and greater 


154 Arch Surg—Vol 121, Feb 1986 











% EA ER ene (EAT 


Hollow Viscus 
injury 


Moxalactam Clindamycin Phosphate and 
Disodium Tobramycin Sulfate 


Small bowel 5 (1/20) 4 (1/28) 
23 (7/30) 19 (5/26) 
13 (10/78) 9 (8/85) 

*Includes those with both small- and large-bowel injuries. 





Table 4.—Intra-abdominal Abscess and Colon Injury 
No. (%) of Patients 
Clindamycin 


Phosphate and 
Tobramycin Sulfate 


Moxalactam 


Disodium Total* 


No colon injury 
(107 patients) 3 (6) 3 (5) 6 (6) 
Colon injury 
(56 patients) 
*P< 01. 





7 (23) 5 (19) 12 (21) 


Table 5.—Prothrombin Time in Moxalactam-Treated Patients 


Seconds Over 
Time Control, av BE Pa s iaaa ii 


Group 1* 
Before moxalactam 
disodium 0.6 0/5 0/5 


During moxalactam 0.5 0/11 0/11 
After moxalactam 


— 2t 
Before moxalactam 


During moxalactam 
After moxalactam 


*Patients with no shock or no massive transfusions. 
+Patients with shock and 10 or more units of blood transfused. 


Table 6.—Partial Thromboplastin Time in Moxalactam- Treated 
Patients 


Seconds No. No. 
Time Prolonged, av Prolonged>3s Prolonged>5s 


Group 1* 
Before moxalactam 
disodium 0/4 


During moxalactam 
After moxalactam 


Group 2t 
Before moxalactam 24.0 


During moxalactam 9.3 
After moxalactam 


*Patients with no shock or no massive transfusions. 
+Patients with shock and 10 or more units of blood transfused. 


than 10 units of blood transfused (Tables 5 and 6). Only the 
group 2 patients had significant changes in their coagula- 
tion studies. In this group, two patients were thought to 
have evidence of excessive clinical bleeding. However, it was 
felt that the cause of this bleeding was primarily shock and 
massive transfusion. 
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COMMENT 

The use of antibiotics in penetrating abdominal trauma 
has been considered an essential part of the management of 
these injuries for years. In 1961, Burke? demonstrated that 
there ‘s only a brief period when tissue is infection free after 
contamination. He definitely established the principle that 
antibiotics must be given very early after bacterial inocula- 
tion tc be effective. This concept was carried a step further 
when Fullen et al* examined the use of antibiotics for 
treating patients with penetrating abdominal trauma. They 
demonstrated that preoperative administration of antibiot- 
ics reduced infections more effectively than initiation of 
antibiotics intraoperatively or postoperatively. Although 
this cencept of administering antibiotics preoperatively is 
commonly referred to as antimicrobial prophylaxis for 
penetrating abdominal trauma, it is in the strictest sense 
not prophylaxis because therapy is initiated after perfora- 
tion of the bowel and soilage of the peritoneum with 
bacteria. 

Since the gastrointestinal tract, especially the colon, 
contains a diverse group of aerobic and anaerobic orga- 
nisms, antimicrobial regimens utilizing multiple antibiotics 
have usually been recommended for use in patients with 
penetrating abdominal trauma. Of particular concern have 
been tie gram-negative aerobic rods, such as E coli, and the 
various anaerebes, especially B fragilis. 

Weinstein et al and other investigators have clearly 
demorstrated the role of aerobic and anaerobic organisms 
in the pathophysiology of intra-abdominal infections and 
intra-abdominal abscesses. The gram-negative aerobes fre- 
quently caused an early fatal peritonitis. Those patients 
who survived tended to develop abscesses due to anaerobic 
organisms. Although there has been controversy concern- 
ing the need fer antibiotic coverage of the anaerobes, their 
data clearly support the inclusion of an anaerobic antibiotic 
in the treatment of patients with possible B fragilis contam- 
ination. Gentry et alf demonstrated that patients with 
penetrating abdominal trauma who did not receive antibiot- 
ics, which provided anaerobic coverage, had an increased 
incidence of pastoperative intra-abdominal abscess. In fact, 
B fragilis was found in 50% of the intra-abdominal ab- 
scesses in this group.°® 

Conventional wisdom, therefore, has suggested that 

broad coverage is necessary to cover any possible organisms 
that could be contaminating the peritoneal cavity following 
penetrating injury. This broad spectrum has classically 
included a penicillin or ampicillin type of antibiotic for the 
gram-positive cocci combined with an aminoglycoside for 
the aerobic gram-negative rods and clindamycin for cover- 
age of B fragilis. 
_ The evolution of broad-spectrum second- and third-gen- 
eration cephalosporin antibiotics has forced a reevaluation 
of the “prophylactic” use of multiple-drug antibiotic therapy 
for patients with penetrating abdominal trauma. The ceph- 
alosporins offer good aerobic and anaerobic coverage, the 
advantage of ease of administration, and decreased renal 
toxicity when compared with combination antimicrobial 
therapy utilizing an aminoglycoside.’ 

Cost-effectiveness is also a consideration. Although the 
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second- and third-generation cephalosporins cost more per 
dose of drug, combination drug therapy involves additional 
administration costs and may include several pharmacoki- 
netic studies that can significantly increase the total cost of 
antibiotics to the patient. 

Evaluation of the effect of various antibiotic regimens on 
the ultimate outcome of patients with penetrating abdomi- 
nal trauma is difficult. This is because antibiotic therapy is 
considered to be adjunctive to prompt surgical intervention 
and control of the gastrointestinal spill. Since 80% of 
abdominal trauma deaths occurring after the first 48 hours 
are related to infection, many studies on posttraumatic 
infection relate to antibiotic manipulation as a means of 
affecting ultimate outcome. Although shock, colon injury, 
more than three organ injuries, or the creation of a co- 
lostomy have been suggested as increased risk factors for 
posttraumatic infection, their application to the individual 
patient has been difficult. 

Recently several investigators have addressed the issue 
of risk factors in patients developing an infection following 
penetrating abdominal trauma. Dellinger et al? demon- 
strated that transfusion requirement, colon injury, age, and 
length of operation were the most significant predictive 
factors for subsequent infection. Furthermore, these au- 
thors pointed out that a better understanding of the risk 
factors for infection would allow patients with similar risk to 
be compared when evaluating various treatment modal- 
ities. Nichols et al’ also identified gastrointestinal soilage, 
number of organs involved, amount of blood and blood 
products transfused, increasing age, and presence of left 
colon injury as increasing the risk of infection following 
penetration trauma. They also showed that there was no 
difference in infection rates when comparing a broad- 
spectrum cephalosporin to a multiple-drug regimen. 

In our study, patients treated with a single broad- 
spectrum cephalosporin (moxalactam) did not have an in- 
creased incidence of intra-abdominal infection compared 
with a standard two-drug regimen (clindamycin and to- 
bramycin). The incidence of intra-abdominal infection in 
patients with colon injuries was increased overall, but no 
difference in infection rate was seen when comparing mox- 
alactam with clindamycin and tobramycin in patients with 
colon injuries. 
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RicHARD T. Murns, MD, Louisville: I would like to ask Dr 
Nelson two questions. 

First, regarding the bacteria that you grew out at the time of 
draining the intraperitoneal abscesses, were they sensitive to the 
antibiotics the patients had received? 

Second, in Dr Harlen Stone’s numerous studies comparing 
aminoglycoside and cephalosporins, he has found that deteriora- 
tion in renal function was greater in the aminoglycoside-treated 
group. Did you find that to be the case in your study as well? 

- Ronap LEE Nicxots, MD, New Orleans: It is very difficult to 
do these long studies in patients with trauma. 

I want to ask one question and make one comment. We found, ina 
study we have just eompleted but have not published, that the 
abnormalities of prothrombin and partial thromboplastin times 
and possible bleeding diathesis from moxalactam may well be re- 
lated to ileus and abnormal bowel motility. The more ileus, the less 
bowel sounds and the mere of these findings. We do not know why. 

Did you give phytonadione (vitamin K) as soon as the black box 
came out on the drug in 1983? Did you start then to give vitamin K 
to moxalactam-treated patients? That certainly would have some- 
thing to do with the prothrombin and partial thromboplastin time 
tests that you did. 

Second, I would like to make a comment about all these 
antibiotics. I spent most of a day and a half listening to the new 
frontiers in the control and management of surgical infection. I 
certainly think this is the future without question. 

But as long as we haveto use antibiotics in our treatment of intra- 
abdominal sepsis—and that probably will be for several years to 
come—I would urge that we have enough evidence that single 
cephalosporins work. This study and many other studies show they 
work as good as combination therapy. I really think that is true. 

So, I would urge us all, as we do our studies in the future and as 
we use antibiotics in elinical patients, that we remember it does not 
mean that single drugs are better than a combination. They may 
be. Once efficacy and toxicity are looked at, I would consider you 
look at the price. This is very important. Lots of things work. I 
would urge us all to use the cheapest. 

ARTHUR D. Mason, Jr, MD, Fort Sam Houston, Tex: In a study 
carried out by Nance and colleagues, they could not identify any 
antibiotic effect at all. That may very well explain why no differ- 
ences among antibiotic treatments were observed. It may very well 
be that we are not looking at equally effective drugs. We may, 
instead, be looking at equally ineffective drugs. 

I have one question: Of the 27 patients who were disqualified, 
some of whom died, did any die of infection? 

JOSEPH S. Sotom«in, MD, Cincinnati: I think one issue that 
needs to be addressed is the dose interval of moxalactam that was 
used. One rationale for prophylaxis was that since there is no 
postantibiotic effect with cephalosporins, it seems important to 
have concentrations continuously present above the minimal inhib- 
itory concentrations of the organism. 

With colon injuries we are really concerned about Bacteroides, 
and with moxalactam given every eight or 12 hours, which I assume 
was done to try to avoid some of the platelet-related bleeding 
abnormalities, this would not occur. I would therefore ask the 


authors to comment on the selection of dosing. 


E. PATCHEN DELLINGER, MD, Seattle: I do not want to seem 
partisan, but I would be curious to know how long you gave your 
antibiotics. I would also be curious to know what injuries 36% of 
patients with no hollew viscus injury had. I wonder if it is 
appropriate to really consider them in a study designed to show the 
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efficacy of one antibiotic regimen against another in the treatment 
of enteric contamination, since they had no enteric contamination. 

Since you were knocked on power also, I might say that as I read 
the diference between your two infection rates with an 80% 
confidence limit, the range would be for clindamycin and to- 
bramyzin to be 10% better or for moxalactam to be 2% better, or 
anything in between that. 

Dr NELson: When I first started at Wayne State University and 
Detroit Receiving Hospital, I asked Dr Wilson if I could doa study 
looking at patients with abdominal trauma, some of whom would 
not ge: antibiotics and some of whom would, and he would not let 
me; he sent me to the dog laboratory to do that. So, we compro- 
mised and did this study. Although we are very confident that 
antibietics are the answer, I think we do need to have a multicenter 
trial taat looks at no antibiotics vs antibiotics in patients with 
penetrating abdominal trauma. 

In the patients who had colon trauma, we tried to follow some of 
the criteria. We used to be very aggressive users of colostomies at 
Detroit Receiving Hospital, and I have gone to following the 
philosephy of Dr Stone and using his criteria for formation of 
colostemies following abdominal trauma, but roughly 50% of the 
patients in both antibiotic groups did have a colostomy formed. The 
numbers are small. We de not know whether that colostomy had 
some effect on ultimate infection rate. 

Dr Mullins’ question about organisms sensitive to the antibiotics: 
In general, all organisms were sensitive although we did see 
several patients in the moxalactam-treated group who had entero- 
coccus as one of the organisms that was cultured out of the intra- 
abdominal abscess. 

Renal function in both groups appeared to be unaffected. 

Dr Nichols’ question about vitamin K: It was not given until day 7 
of antibiotics. In many of these patients even with hollow viscus 
injuries, the antibiotics had been stopped at five days, so most of 
the paczients did not get vitamin K. It was only after seven days and 
that was in the latter part.of the study when the warning came out 
about possible bleeding. 

I also agree that use of single antibiotics is probably the way to 
go. I agree with your comment, Dr Nichols. 

Dr Mason asked about the 27 patients who were excluded. Those 
patients died usually on the operating table or in the intensive care 
unit within 24 hours, or the patients did not get the proper 
antibiotic that was selected at the time of randomization, and, to 
my krowledge, none of those patients died of infection. 

Regarding Dr Solomkin’s question about dosage selection, we 
followed recommendations that are included in the literature 
inserts for moxalactam. Originally we used the 2 g every eight 
hours dosing schedule and then backed off to a 2 g every 12 hours 
dosage regimen because of the concern he alluded to about 
bleed ng abnormalities and platelet dysfunction in the patients 
receiving high doses and frequent doses of moxalactam. Our to- 
tal desage of anywhere from 4 to 6 g is much less than some of 
the studies that have looked at bleeding in moxalactam-dosed 
patients. 

Finally, Dr Dellinger’s question about duration of antibiotic 
administration. Unfortunately when we started the study, we 
decided to follow the trends everyone else followed and stick to five 
days as hollow viscus injury was concerned. We compromised a bit 
by gorng to three days in nonhollow viscus injury, although midway 
through the study we thought we probably could give one dose in 
the recovery room to the patients who had a simple liver stab 
wound or injury to the spleen, but thought we ought to continue to 
keep some continuity in the study. 

The other question was about the nonhollow viscus injury group. 
We would have shortened the length of this antibiotic use if we 
could have, but we decided to stay with the protocol. 
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Trauma Serum Suppresses Superoxide 


7 Production by Normal Neutrophils 


Marc E. Lanser, MD; Glenn E. Brown, PhD; Rafael Mora, MD; William Coleman, PhD; John H. Siegel, MD 


e The effect of trauma serum on superoxide production by 


‘normal neutrophils was studied in 47 serum samples from 18 


patients with multiple trauma. Ten patients became septic and 
eight patients remained nonseptic. Incubation in trauma se- 
rum significantly suppressed superoxide production by nor- 
mal neutrophils compared with incubation in normal serum: 
3.6+1.44 vs 4.04+1.64 nmole of superoxide produced by 10° 
neutrophils (mean+SD). There was no difference in the sup- 
pressive effect between septic and nonseptic trauma serum 
samples. The chemiluminescence response of normal neu- 
trophils was likewise suppressed following incubation in 
trauma serum compared with incubation in normal serum. The 
chemiluminescence response correlated with superoxide re- 
duction of cytochrome C. In addition, the chemiluminescence 
response was Significantly less in septic-trauma serum than in 
nonseptic-trauma serum. Suppressive serum was found to 
inhibit the neutrophil-membrane depolarization response to 
latex particles, as measured by flow cytometry. We conclude 
that trauma serum suppresses superoxide production by 
normal neutrophils, and that such suppression can be de- 
tected reliably using the clinically applicable technique of 
chemiluminescence. A normal chemiluminescence response 
excludes serum-mediated suppression of neutrophil superox- 
ide production. In addition, chemiluminescence may be of 
value in detecting altered resistance to sepsis following injury, 
while superoxide determinations do not seem to be helpful in 
this regard. The mechanism of action of the suppressor may 
involve reversible inhibition of membrane depolarization nec- 
essary for the production of bactericidal oxygen species. 
(Arch Surg 1986;121:157-162) 


On continues to be a problem following severe injury.’ 
Neutrophil metabolic insufficiency may be a key pre- 
disposing factor. Trauma is known to induce a number of 


Accepted for publication Oct 31, 1985. 

From the Department of Surgery, Maryland Institute for Emergency 
Medical Services, Baltimore (Drs Lanser, Mora, Coleman, and Siegel); and 
the University of Maryland Cancer Center, Baltimore (Dr Brown). 

Read before the Fifth Annual Meeting of the Surgical Infection Society, 
New Orleans, April 29, 1985. 

Reprint requests to Department of Surgery, Beth Israel Hospital, 330 
Brookline Ave, Beston, MA 02215 (Dr Lanser). 


Arch Surg—Vol 121, Feb 1986 


neutrophil abnormalities, including those of chemotaxis, 
adherence, and degranulation.”* Cyclical depressions in 
bactericidal activity have also been described.* Activation 
of neutrophil oxidative metabolism to produce superoxide is 
an essential component of bacterial killing and control of 
infection.’ Superoxide, produced by the reaction Q, + nico- 
tinamide adenine dinucleotide phosphate reduced —>super- 
oxide + nicotinamide adenine dinucleotide phosphate ox- 
idized is by itself bactericidal and is the initial step in a 
series of reactions resulting in the formation of other potent 
bactericidal compounds.’ Thus, depression of neutrophil 
superoxide production may have serious consequences for 
both bacterial killing and host resistance to infection. 

Recently, we reported the existence of aserum faeter that 
was formed following trauma and that suppressed the 
chemiluminescence response of normal neutrophils.’ This 
factor was present only in serum from septic or “preseptic” 
patients with trauma. The presence of such a faetor was 
believed to compromise host defense following injury and 
perhaps predispose the patient to the development of 
sepsis. However, since chemiluminescence may reflect 
alterations in metabolic processes other than superoxide 
production,*® the present study was designed to test the 
hypothesis that septic-trauma serum could suppress super- 
oxide production by normal neutrophils, and that chem- 
iluminescence could be used as a reliable measure of super- 
oxide production under these circumstances. In addition, 
the effect of trauma serum on membrane depolarization was 
measured as a means of investigating the mechanism of 
action of the suppressor. 


MATERIALS AND METHODS 
Patients and Serum Sampling 


Eighteen patients who had sustained injuries to at least two 
organ systems were studied (Table 1). All patients were admitted 
to the Maryland Institute for Emergency Medical Services, Balti- 
more, and were operated on within one hour of admission. Ten 
patients eventually developed sepsis. Sepsis was defined as at least 
one positive blood culture following changing of all intravascular 
lines, autopsy or operative evidence of pus or gross soft-tissue 
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Table 1.—Patient Characteristics 


Patient No./ Nonseptic/ Site (No. of 
Age, yr/Sex Diagnosis Septic Days of Sepsis) 


Fractured T-4 vertebra, femur, radius, 
ulna; bilateral hemothorax 


Cardiac contusion; facial laceration; 
lung contusion 


Fractured tibia, pelvis; traumatic 
amputation; lacerated illiac vein, 
jejunum 

Lacerated spleen, kidney 

Fractured pelvis, ribs; lacerated 
urethra 


Outcome 
Survived 


Days Studied 
7, 9, 10, 17, 20-23 


Nonseptic 


3/40/M Nonseptic 





4/15/M 
5/60/M 


Nonseptic opt 3 
Nonseptic 


Survived 
Survived 


Fractured skull, pelvis, humerus; 
pneumothorax; brain contusion 


Nonseptic 


Nonseptic 


Ruptured spleen; fractured pelvis Nonseptic 7-10, 13 Survived 


~_ 


zygoma, wrist; closed head injury 


Fractured ribs, pelvis, cervical spine; 
lacerated lung, scalp, L atrium, 
colon 


Fractured femurs, face, humerus; 
lacerated liver; lung contusion 


Fractured femur, pelvis; lacerated 
spleen; lung contusion; closed 
head injury 


Septic 


11/18/F 


Fractured ribs, skull, wrist; lung 
contusion; epidural hematoma 


Septic 


13/45/M Fractured ribs; pneumothorax; liver 


lacerations 


Fractured forearms, femur; liver 
lacerations 


Fractured pelvis; spleen laceration; 
contusion of heart, lung; 
pneumothorax 


Fractured ankle; liver laceration 


Pneumothorax; fractured ribs; 
ruptured aorta 


Fractured pelvis; ruptured bladder 


16/37/M 
17/30/M 





18/29/F 


infection, or roentgenographic Gram’s stain, and culture evidence 
of pneumonia. The cause of sepsis, the day of sepsis, and the day 
studied in each of the ten septic patients is shown in Table 1. Blood 
samples (10 mL) were drawn within 24 hours of admission and daily 
thereafter until death or discharge from the critical-care unit. 
Serum was separated within one hour of collection and stored 
at —70 °C until use. Informed consent was obtained from each 
patient or the nearest relative, in accordance with institutional 
guidelines. 


Measurement of Superoxide Production 


Superoxide production was measured using a continuous assay of 
cytochrome C reduction. Briefly, normal neutrophils were isolated 
using Ficoll-Hypaque centrifugation, dextran sedimentation of 
erythrocytes, and hypotonic lysis of contaminating red blood cells. 
Neutrophil isolation was carried out in Dulbecco’s phosphate- 
buffered saline solution (PBS) without calcium. The isolated 
neutrophils (2 x 10°) were then added to 125 uL of septic trauma, 
nonseptic trauma, or normal serum and incubated at 37 °C for 30 
minutes. Neutrophils were then centrifuged at 600 g for ten 
minutes, resuspended in 200 uL of PBS, and added to 750 uL of 
PBS with lmM calcium and 50 uL of cytochrome C (12.5 mg/mL). 
Superoxide production was initiated by the addition of 100 uL of 
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Abdomen (4) 


Facial fractures (20) 14, 15, 25 


Lung (2) 


Empyema (1) 


Abdomen (4) 


Abdomen (57) 


Lung (3) 


Abdomen (6) 
Aortic graft (6) 


20, 24, 32, 43 
6, 10, 12 


Abdomen (5) 19 


preopsonized zymosan (4 mg/mL). Results were monitored in a 
split-oeam spectrophotometer equipped with a water-jacketed 
cuvette holder to maintain a constant temperature of 37 °C. 
Reference cuvettes contained 10 pg of superoxide dismutase. 
Absorbance at 550 nm was continuously recorded on a strip-chart 
recorder for ten minutes and results were reported as nanomoles of 
superoxide produced/10° neutrophils. 


Chemiluminescence 


Chemiluminescence was measured by a previously described 
method.’ In this assay, leukocytes were prepared by dextran sedi- 
mentation and hypotonic lysis of red blood cells. Following incuba- 
tion cf the normal leukocytes (1x 10°) in test serum, as described 
above, the cells were resuspended in 1 ml of Gey’s balanced salt 
solution (GBSS) containing 2.5M~* luminol. Chemilumineseence 
was initiated by the automatic addition of 0.4 mg of washed, 
preopsonized zymosan. Chemiluminescence was monitored in a 
luminometer each minute for 15 minutes. Results (in millivolts) 
were recorded and the 15-minute integral response was calculated. 


Membrane Depolarization 


Depolarization of the neutrophil membrane following binding of 
particulate stimuli represents the first step in the activation 


Superoxide Production—Lanser et al 





a 


process that eventually results in superoxide production.” Mem- 
brane depolarization was measured using a modification of the 
method described by Brown et al." In this assay, purified neu- 
trophils were prepared and resuspended as described above. After 
incubation in test serum, 1x 10° neutrophils were incubated witha 
one hundredth volume of the cationic membrane potential-in- 
dicator dye 3,3’-dipentyloxacarbocyanine (0.05M stored in abso- 
lute ethanol) for 20 minutes at 24 °C to permit maximum dye 
uptake. Membrane depolarization was initiated by the addition of 
10 pL of washed latex particles (diameter, 0.81 um) and was 
monitored:at 24 °C ina fluorescence-activated cell sorter using an 
argon laser emitting 300 mW at 488 nm. Fluorescence distributions 
following passage of emitted light through a 520 low-pass filter and 
accepting only data in the major narrow-angle scatter peak were 
obtained on 5X 10* cells per measurement. 


Preparation of Opsonized Zymosan and 
Zymosan-Activated Serum 


Zymosan A was suspended in PBS and heated in a boiling water 
bath for 30 minutes. The zymosan was then resuspended in pooled 
normal human serum at a concentration of 20 mg/mL and incubated 
for 30 minutes at 37 °C. The opsonized zymosan was washed twice 
with PBS and resuspended to a concentration of 4 mg/mL. The 
serum used for the opsonization was termed zymosan-activated 
serum (ZAS). 


RESULTS 


The effect of preincubation of normal neutrophils in either 
normal or trauma serum on chemiluminescence response 
and superoxide production is shown in Table 2. Both the 
chemiluminescence response and superoxide production 
were significantly decreased (P<.05, one-sided t test) by 
preincubation in trauma serum compared with preincuba- 
tion in normal serum. In addition, the chemiluminescence 
assay demonstrated a significant difference between pre- 
septic, overtly septic, and nonseptic serum samples (Table 
3). Both preseptic and overtly septic serum samples had 
significantly (P<.025 and P<.0001) less activity compared 
with nonseptic samples. In contrast, differences between 
septicand nonseptic trauma serum were not apparent using 
cytochrome C as a measure of superoxide production (result 
not shown). 

Overall, the chemiluminescence response was signifi- 
cantly correlated with superoxide production (Fig 1). When 
both chemiluminescence and superoxide levels were re- 
ported as a percentage of normal values, the regression 
equation was as follows: chemiluminescence = 18.68 super- 
oxide + 68.83 (r=.45; P<.005). 

Since high levels of C5a in septic sera have been impli- 
cated in down-regulation and partial deactivation of neu- 
trophils,” we preincubated normal neutrophils in ZAS (as a 
crude source of Cha and C5a des Arg) before measurement 
of chemiluminescence. Preincubation in ZAS actually re- 
sulted in an increase in the chemiluminescence response to 
opsonized zymosan (Fig 2). The baseline chemilumines- 
cence output (zero time) of cells incubated in ZAS 
(3,043 mV) was much greater than that of cells incubated in 
normal serum (125 mV). This high level of baseline chem- 
iluminescence undoubtedly reflected ongoing activation of 
oxidative metabolism of neutrophils exposed to this concen- 
tration of crude C5a. The peak response of cells incubated in 
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Table 2.—Serum-Mediated Neutrophil Oxidative Metabolism 
Following Trauma* 





Serum (No. of Determinations) 





Trauma Normal 





Chemiluminescence, 
21,306 + 13,498 (47)t 28,399 + 15,099 (9 
3,.36+ 1.44 (47)T 4.03+ 1.64 (18) 


*Values are the mean+SD. 
+P<.05 compared with normal values. 


m 
Superoxide, nmole 










Table 3.—Serum-Mediated Chemiluminescence Response of 
Different Subgroups of Septic-Trauma Serum* 












Chemiluminescence, 
% of Normal 


Serum Subgroup 
(No. of Determinations) 


Nonseptic (20) 100.3+12.2 
Septic (27)T 74.6+ 19.3 
Preseptic (7)+ 81.1+23.9 
Overt septic (20)T 72.4+17.2 








*All values are the mean+SD. Preseptic values were those measured 
before the onset of sepsis as defined in the “Materials and Methods’ section. 
One-way analysis of variance for preseptic, overt septic, and nonsepiic was 
significant (Fz 44= 11.3; P<.0001). 

+P<.001 vs nonseptic values by the t test. 

+P<.025 vs nonseptic values by the t test. 
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Fig 1.—Correlation between chemiluminescence (CL) and super- 
oxide (O,-) production. Either normal leukocytes (for CL mea- 
surements) or neutrophils (for O, measurements) were incu- 
bated in test serum for 30 minutes at 37 °C. Assays were not 
performed simultaneously. Regression equation is as follows: 
CL=18.62 x O,- + 68.83 (r=.45; P<.005; F, 4 = 11.3). 


ZAS was 7,920 mV at six minutes, compared with a peak 
response of 6,591 mV at nine minutes for cells incubated in 
normal serum. Thus, cells incubated in ZAS had a higher 
baseline level of chemiluminescence and responded with 
greater output at an earlier time than cells incubated in 
normal serum. Under these same incubation conditions, 
superoxide production was likewise increased in neutro- 
phils exposed to ZAS. Cells incubated in ZAS yielded a 
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Fig 2.—Chemiluminescence of normal neutrophils following in- 
_ cubation in zymosan-activated serum (ZAS): ZAS was used as 
_ source of C5a and C5a des Arg. Curves represent mean value from 
_ three experiments. Broken line, ZAS; solid line, normal serum. 


a _ superoxide production of 8.81 nmole/10° neutrophils com- 
-~ pared with 7.12 nmole/10° neutrophils incubated in normal 
_ serum. 


We had previously noted that washing of neutrophils 
following their incubation in septic-trauma serum partially 
restored their chemiluminescence response (M.E.L., un- 


_ published data, 1984). We therefore surmised that the 
_ serum suppression of neutrophil oxidative metabolism 


= might be due to reversible interference with membrane 
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= depolarization or membrane-ligand interaction. To test this 
_ hypothesis, the depolarization response ef normal neu- 
= trophils following their incubation in septic-trauma serum 
= was measured (Fig 3). (In this assay, depolarization is 


indicated by a shift to the left in the fluorescence profile of 


-~ neutrophils exposed to latex particles.) After preincubation 
_ in normal serum, normal neutrophils demonstrated a com- 
_ plete monomadal depolarization response to the addition of 
_ latex particles. In contrast, normal cells incubated in either 
- septic-trauma serum and or a mixture of septic and normal 
serum showed marked inhibition of the depolarization re- 
sponse, with only a fraction of cells becoming slightly 
_ depolarized. Similar patterns were seen in three of the four 


septic-trauma serum samples tested. 
Bee COMMENT 


=e | The present study has demonstrated that trauma serum 
_ suppresses neutrophil oxidative metabolism, as measured 


by both cytochrome C reduction and chemiluminescence. 
Previously,’ we reported serum-mediated suppression of 


the neutrophil chemilumineseence response to latex parti- 


cles as well as to preopsonized zymosan. The suppression 
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Fig 3.—Neutrophil membrane depolarization. Normal neut 
were incubated in either normal, septic-trauma, or comb 
(50:50) of both sera for 30 minutes at 37 °C and resusper 
phosphate-buffered saline solution before testing. In each 
x axis is linear scale of fluorescence and y axis is linear s 
relative cell number. Measurements were performed at zer 
ten (center), and 30 (bottom) minutes following addition of 1! 
washed latex particles. 


was present only in those samples isolated from pa 
with septic trauma. Furthermore, serum-mediatec 
pression of the chemiluminescence response was evid 
serum samples from patients who subsequently deve 
clinical sepsis (presepsis), indicating that a cause-and- 
relationship between serum-mediated suppression o 
trophil oxidative metabolism and decreased host resi; 
to sepsis may exist. The present study has extended 
observations by measuring superoxide production di 
and correlating it with the chemiluminescence me: 
ments. Overall, chemiluminescence measurements | 
lated with superoxide production. Though this corre 
was true for trauma samples as a whole, septic-ti 
serum could be differentiated from nonseptic serum 
chemiluminescence, while no differences between t 
rum groups could be detected when measuring © 
superoxide production. These findings may indicat 
factors other than superoxide production (which are d 
able using the chemiluminescence assay) contributed 
subsequent development of sepsis following injury. . 
nately, the cytochrome C-reduction assay may bi 
sensitive in detecting alterations in total antibacteri 
idative metabolism (including singlet oxygen and tl 
droxy! radical) than chemiluminescence. Further si 
comparing these two assays in their ability to predi 
development of sepsis following injury may resolv 
issue. Presently, chemiluminescence may be used 
rapid, sensitive tool for screening large numbers of s 
samples to detect suppressor activity, as a normal | 
iluminescence response virtually rules out suppress 
superoxide production. Detection of serum suppress 
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tivity using chemiluminescence may be followed by direct 
measurement of superoxide production, with a clear under- 
standing of the limitation of the cytochrome C assay. These 
two assays should best be regarded as complementary in 
the analysis of defects in neutrophil oxidative metabolism 
following injury. 

Patients’ neutrophils were not assayed in the present 
study, s we have previously found supranormal chemilum- 
inescenee responses of these cells when they were tested 
either in buffer or normal serum.’ Though exposure to 
suppressive serum in vivo would be expected to decrease 
the chemiluminescence response of these cells ex vivo, 
isolation and purification procedures may remove the sup- 
pressorfrom the neutrophil membrane. Washing these cells 
has in fact been shown to reduce serum suppressor activity 
(M.E.L., unpublished data, 1984). These findings are in 
agreement with those of Ogle et al” and Donabedian and 
Gallin,“ who found increased numbers of C3b receptors on 
and increased bacterial activity of neutrophils isolated early 
after injury frcm patients with trauma. Similarly, Solomkin 
et al” reported normal superoxide production by septic 
patients neutrophils on exposure to preopsonized zymosan, 
though the response to f-met-leu-phe was diminished. In 
view of the findings described above, we believe that 
intrinsie neutrophil oxidative metabolism is intact following 
injury. In cortrast, serum factor(s) may be capable of 
suppressing oxidative metabolism by reversibly binding to 
the cell membrane. Our results support this proposed 
mechanism of action. 

The exact nature of the suppressor remains obscure. 
Based on our results of preincubation with ZAS (crude C5a 
and Cha des Arg) as well as preliminary purification,’ we 
believe that the suppression is unrelated to C5a or other 
complement fragments. Incubation for 30 minutes in ZAS 
resulted in high baseline chemiluminescence and an aug- 
mented peak response. This observation corroborates our 
previous findings’ of an increased chemiluminescence re- 
sponse of patients’ neutrophils themselves following their 
isolation. Ogle et al” reported that fluid-phase C3b may 
inhibit neutrophil bactericidal activity. However, in their 
study, the inkibitory effect of fluid-phase C3b was only 
evidentfollowing its incubation with the opsonized particle, 
and not following its incubation with neutrophils. Pres- 
ently, we feel that the suppressor may be a protein fragment 
generated by increased serum proteolytic activity following 
injury. Further characterization and purification of this 
suppressor is eurrently underway in our laboratory. 
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Discussion 


JosEPH S. SoLOMKIN, MD, Cincinnati: The results of this study 
suggest a cell regulatory process that has not been examined 
extensively in other settings, ie, the alteration of membrane- 
potential levels. The current belief about most regulatory mecha- 
nisms, particularly with regard to protein and glycoprotein medi- 
ators, is that these are receptor mediated. One of the points 
brought out here is that there may be other levels of regulation. 

Second, what could the identified serum activity be? Some 
results available in the manuscript, but not brought out in the 
presentation because of time limitations, suggest that it is a fairly 
large factor with a molecular weight of over 100,000. Going through 
the available material and what we know of serum proteins that 
may affect neutrophils, this would be a relatively novel effect, ie, a 
suppressive one. Most proteins or glycoproteins generated in 
either plasma or serum during acute illness or injury work through 
a receptor-mediated mechanism and tend to enhance subsequent 
cell function. Can the authors expand on what they believe this 
factor might be? 

I have some concerns about the methods that were used in this 
study. When serum is used for this type of study, a large number of 
factors are generated that have been demonstrated to affect 
neutrophils, at least in high concentrations (particularly kallikrein 
and various kinins), and some coagulation products, partieularly 
fibrin monomers and degradation products. 

Could an alteration in protease-regulatory systems in patients 
with septic trauma artifactually produce a serum, but not plasma 
factor? 

Finally, in both the manuscript and the presentation, the authors 
made the comment that patient cells by themselves have enhanced 
chemiluminescence responses, which would be somewhat at vari- 
ance to what was seen with normal cells treated with serum, 
particularly since washing does not remove the effect on normal 
cells. The question then would be whether this really represents a 
possible artifact induced by protease activation. 

Joun P. Heccers, MD, Detroit: Weissmann published a mono- 
graph in 1980 showing that activated polymorphonuclear neu- 
trophil leukocytes (PMNs) liberated a wide variety of stable and 
unstable prostaglandins along with superoxide. Wahl and Nin- 
nemann subsequently examined prostaglandin E, as a suppressive 
agent for B- and T-cell function. Fortune and Ward have recently 
published another monograph with reference to prostaglandin E, 
and its effects on superoxide, particularly the fact that prostaglan- 
din E, inhibits IgE degranulation of mast cells along with inhibit- 
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ing the superoxide production. 

Is it not possible that the suppressive activity is due to a 
prostaglandin of the E, class? Would it not be possible to add that 
particular component to the normal vs septic cells and see exactly 
what its effects would be? 

JONATHAN L. Meaxkins, MD, Montreal: How are the patients 
with sepsis defined? 

RonALD V. Maier, MD, Seattle: It is known that endotoxin has 
two clearance curves and the second one is very delayed. The slow 
clearance is probably due to its binding to high-density lipoprotein 
and also serum amyloid A. Was this complex, which would be of 
high molecular weight, used in an attempt to obtain the same 
results? 

Murray J. Girorri, MD, Kingston, Ontario: What drugs 
(specifically, what antibiotics) were given to patients with sepsis? 
In addition, have the authors considered that there would be a 
number of circulating hormones, particularly epinephrine, cor- 
tisol, and glucose, that may vary in amount and hence affect the 
study results? We know that all of these affect the function of the 
Superoxide anion production. Have the authors looked at this 
phenomenon as well? 

Tommy Skau, MD, Linkoping, Sweden: I have made some 
experiments with septic peritonitis measuring superoxide anion 
production in blood and peritoneal PMNs collected at different 
time intervals. In these experiments the metabolic activity of both 
blood and peritoneal PMNs fluctuated over time. 

Was the serum collected at comparable time periods from the 
patients with and without sepsis? Was there any difference in the 
medical treatment between the two groups? Referring to the work 
presented by Dr Moon, could the suppressive effect of the septic 
serum on the PMN superoxide anion production be due to anti- 
biotic treatment in this group? 

GEORGE H.A. Clowes, MD, Boston: Some of the acute-phase 
proteins that are secreted by the liver and other tissues during the 
septic state or posttraumatically may affect the results of this 
study. In particular, the antiproteases (such as a,-macroglobulin) 
can inhibit the protease activation and production of C5a. The 
authors stated that C5a was not the agent responsible for this 
activity. Might it be a lack of C5a that is inhibited in its production 
by the antiproteases? 

Dr LANSE2: Many of the questions related to what the nature of 
this factor is, including whether it could be prostaglandin E,. We 
have performed a number of experiments to answer this question, 
but time did not permit me to show you the preliminary data 
regarding our biochemical separations. I ean tell you that we have 
performed both ultrafiltration and dialysis studies that have 
demonstrated that the factor is greater than 30,000 additions. We 
do not think that it is prostaglandin E,. Ninnemann has shown that 
much of the prostaglandin E is bound to albumin; we certainly 
thought of this possibility and ran the serum through a column to 
extract the albumin and all compounds bound to albumin; we still 
retained the suppressor effect. On the basis of this as well as 
molecular weight studies, we do not think that this is prostaglandin 
E». It is a large molecular weight species. 

In addition, we have performed ammonium sulfate precipitation 
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followed by gel-column chromatography, and have found that 
suppressive activity concentrated in the 40% to 60% ammonium 
sulfate precipitation cut and did not elute from the gel column in 
the range of the other knewn proteins. On the basis of these data we 
believe that this is a novel protein. 

Dr Solomkin asked whether it could be a proteolytic fragment. 
Indeed we do believe that it is a fragment of a known serum protein. 
In most cases, it seems to appear much too early to be a newly 
produced protein, so we believe that increased proteolytic activity 
following trauma is capable of generating fragments of known 
proteins capable of suppressing chemiluminescence and oxidative 
metabolism. 

Concerning the hypothesis that serum clotting generates these 
suppressors, we have used plasma and we do get the same results. 
It was asked whether the factor could be related to antibiotic 
treatment of patients with sepsis. We have dialyzed the samples 
thoroughly and again we have obtained good suppressive activity, 
so we do not think it is related to antibiotics. Certainly the dialysis 
experiments plus the ultrafiltration and molecular weight deter- 
minations would speak against these possibilities. 

Dr Meakins asked how we defined the patients with sepsis. For 
the purposes of this study we defined patients with sepsis as those 
who had positive blood cultures following changes in intravascular 
lines, and who at either laparotomy or autopsy had collections of 
pus. We used a fairly strict definition of sepsis for this study. 

Dr Maier raised the question of whether this suppressive 
activity could be caused by endotoxin or be endotoxin related. That 
is certainly a possibility. We have found suppressive activity in a 
few serum samples from patients without sepsis and also in 
samples taken very early after injury. This would speak against the 
role of endotoxin. 

It was asked if this could be a hormone effect. Because of our 
molecular weight determinations, we think it is a protein with a 
large molecular weight. 

To answer Dr Skau, the timing of the serum collections was the 
same in both of these groups. We found the same results with 
plasma. 

Dr Clowes asked whether this could be related to some of the 
acute-phase reactants formed after injury. We have in fact consid- 
ered that antiproteases may inhibit the generation of proteolytic 
inhibitory fragments. The only acute-phase protein that we looked 
at in detail was C-reactive protein (CRP), since we considered the 
possibility that very high levels of CRP might have suppressive 
activity. We incubated cells in the presence of antibody to CRP as 
well as in pure CRP itself and could not find evidence of suppres- 
sion of superoxide or chemiluminescence by this substance. 

As to the protective effect of a,-macroglobulin, certainly it is 
true that a,-macroglobulin levels decrease following trauma, and 
one of the protective properties of a,-macroglobulin may be as an 
antiprotease. We believe that this is probably the mechanism for 
production of this suppressor, ie, as serum antiprotease activity 
falls, proteolytic activity increases in serum, and consequently 
proteolytic fragments are formed that are capable of suppressing 
oxidative metabolism. 
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» Antibiotics Fail to Prevent Abscess 
Formation Secondary to Bacteria 


Trapped in Fibrin Clots 


Toni Haw, MD, PhD; David E. Jacobs, MD; Natalie L. Hawkins 


è We inoculated 120 rats with 210° Escherichia coli or 
2x 10° Bacteroides fragilis suspended in normal saline solu- 
tion or ‘ncorporated into fibrin clots. In the control group, all 
animals died after inoculation with E coli, but none died after 
the inoculation with B fragilis; both were suspended in normal 
saline solution. Escherichia coli entrapped in fibrin did not 
cause mortality but did result in abscess formation in all 
animals. Bacteroides fragilis incorporated into fibrin clots 
resulted in abscess formation in the majority of animals. 
Treatment with gentamicin sulfate, ampicillin sulfate, and 
cefoxitin sodium completely abolished the mortality secon- 
dary to E coli suspended in normal saline solution but did not 
influenee the rate of abscess formation secondary to E coli 
incorperated into fibrin clots. Similarly, cefoxitin and clin- 
damycin phosphate did not significantly change abscess 
formation secondary to B fragilis incorporated into fibrin clots. 
We corclude that systemic antibiotics are ineffective in the 
prevention of abscesses secondary to bacteria trapped in 
fibrin, either because they do not reach bactericidal levels in 
the fibrin clot, as in the case of gentamicin, ampicillin, and 
clindamycin, or, as in the case of cefoxitin, because of the 
inoculum effect caused by the high number of bacteria. Fibrin- 
ogen or fibrin itself do not afford any protection of bacteria 
against the action of antibiotics. 

(Arch Surg 1986;121:163-168) 


ibrin has leng been regarded as one of the primary host 
defense mechanisms in intra-abdominal infections. The 
formation of fibrin is an essential step in the formation of 
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adhesion and abscesses, and, thus, it serves to localize 
peritoneal infections. During fibrin formation, bacteria are 
entrapped by fibrin. This entrapment prevents systemic 
sepsis but also leads to abscess formation."* In experiments 
aimed at investigating the influence of antibiotics on the 
ability of bacteria trapped in fibrin to form abscesses, we 
have shown that systemically administered aminoglyco- 
sides do not penetrate intraperitoneal fibrin clots, and the 
bacteria contained in these fibrin clots are therefere pro- 
tected from the action of the antibiotic. Thus, aminoglyco- 
sides were ineffective in preventing the abscess formation 
secondary to Escherichia coli contained by a fibrin clot, 
while they completely abolished mortality caused by the 
same number of E coli injected intraperitoneally in normal 
saline solution.* The following experiments were designed 
to evaluate the efficacy of other antibiotics in the prevention 
of abscesses secondary to bacteria entrapped in fibrin and 
to elucidate the mechanism of protection of bacteria by 
fibrin. 


MATERIALS AND METHODS 
Bacterial Inoculum 


An E coli and Bacteroides fragilis suspension was prepared as 
described earlier? Both bacterial strains were obtained from 
clinical infections. Escherichia coli and B fragilis were grown 
overnight in nutrient broth and in Mueller-Hinton broth, respec- 
tively. After centrifugation, the supernatant was discarded, and 
the organisms were washed twice in normal saline solution. A 
calibration curve was constructed, which correlated the eolony- 
forming units (CFU) obtained by a conventional colony ceunt with 
light transmission through the bacterial suspension by a densi- 
tometer. Suspensions that contained 10° E coli and 10° B fragilis per 
milliliter of normal saline solution were prepared. Fibrin elets that 
contained 2 x 10° of either bacterium were prepared as described by 
Ahrenholz and Simmons.' Bovine fibrinogen (Sigma Chemical Co, 
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_ St Louis), which represented 4 g of clottable protein, was dissolved 


in 1,000 mL of normal saline solution. The solution was then 
sterilized by passage through a 0.22-u4m polymer filter (Millipore). 
Bacteria (2 x 10°) were added to aliquots of 2 mL of the fibrinogen 
solution, which then was elotted by the addition of 10 units of 
bovine thrombin (Parke Davis Co, Morris Planes, NJ). To deter- 
mine the number of bacteria contained in the fibrin clot, the clot 
was lysed with 200,000 units of bovine pancreatic trypsin (Sigma 
Chemical Co) and serially diluted with sterile water. Appropriate 
concentrations were plated on the appropriate agar, and, after 
incubation at 37 °C for 24 hours, colony counts were obtained. 


Animal Model 


One hundred twenty male Sprague-Dawley rats that weighed 
200 g were used. The rats were anesthetized by anesthetic ether, 
and the periconeal cavity was entered through a small midline 
incision. Forty rats each were then inoculated intraperitoneally 
with 210° E coli suspended in 2 mL of normal saline solution or 
incorporated into a 2-mL fibrin clot. Ten rats were inoculated with 
2x 10° B fragilis suspended in 2 mL of normal saline solution, and 
30 rats were inoculated with 2x 10° B fragilis incorporated into 
a fibrin clot. The abdominal wound was then closed in one layer 
by using a running suture of 3-0 silk. The animals that were inocu- 
lated with E coli suspended in normal saline solution or incor- 
porated into fibrin clots were then subdivided into four groups 
of ten animals each. Ter animals in each of the two groups 
served as controls, and the others received either gentami- 
cin sulfate (12.5 mg/kg intramuscularly [IM]), ampicillin sulfate 
(200 mg/kg IM), or cefoxitin sodium (375 mg/kg IM). The ten rats 
that were inoculated with 2x 10° B fragilis suspended in normal] 
saline solution served as controls. Of the 30 animals that were 
ineculated with B fragilis entrapped in fibrin, ten served as 
controls, ten received cefoxitin sodium (375 mg/kg IM), and ten 
were treated with clindamycin phosphate (100 mg/kg IM). 


Determination of Antibiotic Levels 


For the determination of antibiotic levels in the blood serum, 
peritoneal fluid, and fibrin clot, 72 male Sprague-Dawley rats that 
weighed 200 g were used. The rats were divided into two equal 
groups of 36 each, one of which was injected intraperitoneally with 
10 mL of 3% thioglycolate to induce ascites 24 hours prior to the 
experiment. Each subject of the other group underwent a laparot- 
omy and implantation of a 0.4% sterile fibrin clot immediately prior 
to injection of the antibiotie. Each group was then subdivided into 
four groups o? nine animals each that received either gentamicin 
sulfate (12.5 mg/kg IM), ampicillin sulfate (200 mg/kg IM), cefoxitin 
sodium (375 mg/kg IM), or clindamycin phosphate (100 mg/kg IM). 
Three animals from each group were then killed after 30, 60, and 
240 minutes, respectively. At the time of death, peritoneal fluid in 
the group pretreated with thioglycolate was withdrawn, and the 
fibrin clot in tae other group was removed and lysed with trypsin, 
as described above. Simultaneously, blood samples were obtained. 
Antibiotic levels were determined in the blood serum, peritoneal 
fluid, and fibrin clot by routine clinical methods. Klebsiella pneu- 
moniae ATCC27799 was used as a test organism for gentamicin, 
Staphylococcus aureus ATT3538P was used for ampicillin and 
cefoxitin, and Bacillus subtilis ATCC6633 spores were used for 
clindamycin.* The minimal mhibitory concentrations of gentami- 
cin, ampicillin, and cefoxitin for the strain of E coli and cefoxitin 
and clindamycin for the strain of B fragilis used were determined 
by routine mierobiological methods.* 


In Vitro Experiments 


Escherichia coli in concentrations of 10°, 10°, 10°, 107, and 10° cells 
per milliliter were suspended in brain-heart infusion broth, normal 
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saline solution, or a 0.4% fibrinogen solution or were incorporated 
into a 0.4% fibrin clot. In addition, the following increasing 
concentrations of antibiotics were added to the media: sulfa 
gentamicin, 2 to 65 mg/L; ampicillin, 8 to 256 mg/L; and cefoxitin, 4 
to 128 mg/L. These preparations were incubated for either one 
hour four hours, or overnight. After the incubation period, the 
fibrin clots were lysed as described. These solutions were then 
plated on agar, incubated overnight, and observed for bacterial 
growth. Similarly, B fragilis in concentrations of 10°, 10°, 10’, and 
10° per milliliter were suspended in brain-heart infusion broth, 
normal saline solution, or 0.4% fibrinogen solution or were incorpo- 
ratec into 0.4% fibrin clots, and increasing concentrations of either 
cefoxitin (4 to 128 mg/L) or clindamycin (0.1 to 3.2 mg/L) were 
added to the preparation. These preparations were incubated 
under anaerobic conditions for one hour, four hours or overnight. 
The clots were lysed, and the solutions were plated on agar, 
incubated for 24 hours, and checked for bacterial growth. 


Statistical Methods 


The results of the in vivo experiments were analyzed by the x? 
test with Yates’ correction. In vitro experiments were statistically 
evaluated by analysis of variance and Duncan’s multiple range test, 
which was implemented by the GLM procedure of the SAS 
statistical package.° 


RESULTS 


Tke intraperitoneal inoculation with 2x10° E coli 
suspended in normal saline solution resulted in 100% 
mortality. This mortality could be completely abolished 
by a single injection of either gentamicin sulfate 
(12.6 mg/kg IM), ampicillin sulfate (200 mg/kg IM), or 
cefoxitin sodium (875 mg/kg IM). The incorporation of 
bacteria into fibrin abolished the mortality completely; — 
however, it led to abscess formation in all ten animals of the 
control group. The abscess formation was not influenced by 
the administration of antibiotics. No mortality or abscess 
formation could be observed after intraperitoneal inocula- 
tion with 2x10° B fragilis suspended in normal saline 
solution. If the same number of B fragilis was incorporated 
into a fibrin clot, eight of ten animals developed intra- 
peritoneal abscesses. The rate of abscess formation 
dropoed to five of ten animals when cefoxitin sodium was 
administered (375 mg/kg IM) and seven of ten animals when 
clindamycin phosphate (100 mg/kg IM) was used. However, 
this drop was not statistically significant (P>.05). If one 
compared antibiotic levels in blood and peritoneal fluid with 
the minimal inhibitory concentration of gentamicin, am- 
picillin, and cefoxitin for E coli and of cefoxitin and clin- 
damrcin for B fragilis, one could observe inhibiting levels 
for all antibiotics (Tables 1 and 2). However, the levels of 
gentamicin, ampicillin, and clindamycin in fibrin clots were 
hard y measurable, and only cefoxitin penetrated into the 
fibria clots sufficiently to achieve for both E coli and 
B fregilis inhibiting concentrations that were maintained 
for only a short time (Table 3). 

In the in vitro experiment with gentamicin, it was found 
that che minimal bactericidal concentration for E coli was 
signi‘icantly higher when the number of bacteria in the 
Suspension exceeded 10°. The minimal bactericidal concen- 
tratien for Æ coli in a concentration of 10? CFU/mL was 
4.4 mg/L, and, in a concentration of 10° CFU/mL, it was 


Abscess Formation—Hau et al 


LS — 






Table 1.—Antibiotic Levels in Blood Serum in Relation 
to the Minimal Inhibitory Concentrations 
for Escherichia coli and Bacteroides fragilis 









Minimal 












Inhibitory 
Time After Concentrations, 
Intramuscular Injection* mg/L 
p—s — 
30min 60min 240min Ecoli B fragilis 
1 


Gentamicin 

sulfate, 

12.5 mg/kg 4.3 16.5 4.1 4 =’. 
Ampieillin 

sodium, 

200 mg/kg 65.0 8.0 4.4 16 ae 

sodium, 

3.6 8 15 


Cefoxitin 










375 mg/kg 360.0 150.0 


Clindamycin 
phosphate, 
100 mg/kg 


*Values given for antibiotic levels in blood serum are in milligrams per liter. 





25.0 60.0 18.0 0.2 


Table 2.—Antibiotic Levels in Peritoneal Fluid in Relation 
to the Minimal Inhibitory Concentration 
for Escherichia coli and Bacteroides fragilis 









Minimai 












Inhibitory 
Time After Concentrations, 
intramuscular Injection* mg/L 
nn 
30 min 60min 240min Æ coli B fragilis 








Gentamicin 
sulfate, 
125 mg/k 

kg 


g 11.9 14.5 4.8 4 Pe: 
Ampicillin 
sodium 
200 mg/ 27.0 4.4 <2.0 16 os. 
Cefoxitin 
sodium 
375 mg/kg 140.0 60.0 <4.0 8 16 
Clindamycin 
phesphate, 
100 mg/kg 5.6 10.0 2.8 ev’ 0.2 


*Values given for antibiotic levels in peritoneal fluid are in milligrams per 
liter. 






47.0 mg/L ta<.05). Incubation time had also a significant 
influence on the minimal bactericidal concentration. With 
one-hour incubation time, the minimal bactericidal concen- 
tration for E coli was 48.0 mg/L, and, with the feur-hour 
incubation time, it was only 17.222 mg/L (a<.05). However, 
the presence of fibrinogen or fibrin was of no consequence. 
Similar results were obtained with ampicillin. The minimal 
bactericidal cancentration rose from 88.0 mg/L when 10° 
E coli organisms were suspended in one milliliter medium 
to 5120 mg/L when 10° E coli organisms were present 
(a<.05). Similarly, the minimal bactericidal concentration 
was significantly increased when the organisms were incu- 
bated evernight with the antibiotic, as opposed to incuba- 
tion times of only one or four hours. The presence of 


- fibrinegen or fibrin increased the minimal bactericidal 


concentration of ampicillin for E coli significantly (a<.05). 
In the experiments with cefoxitin, the size of the inoculum, 
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Table 3.—Antibiotic Levels in 0.4% Intraperitoneal 
Fibrin Clots in Relation to the Minimal Inhibitory 
Concentration for Escherichia coli and Bacteroides fragilis 






Minimal 





Inhibitory 
Time After Concentrations, 
Intramuscular Injection* mg/L 
——— Tl 
30 min 60min 240min Ecoli B fragilis 








Gentamicin 
sulfate, 
12.5 mg/kg 

Ampicillin 
sodium, 
200 mg/kg 


Cefoxitin 

sodium, 

375 mg/kg 4.2 
Clindamycin 


phosphate, 
100 mg/kg 






0.6 0.7 














<4.0 8 16 





<0.1 <0.1 <0.1 






*Values given for antibiotic levels in intraperitoneal clots are in milligrams 
per liter. 


as well as the duration of incubation, influenced the minimal 
bactericidal concentration for E coli. The minimal bac- 
tericidal concentration rose from 24.8 mg/L for a suspension 
with 10° CFU/mL to 256.0 mg/L for a suspension with 
10° CFU/mL (a<.05). The incubation time also decreased 
significantly when the bacteria were incubated overnight 
(24.5 mg/L), as opposed to only for one hour (184.8 mg/L) 
(a<.05). As with gentamicin, the presence of fibrin or 
fibrinogen did not have any influence on the bactericidal 
capacity of cefoxitin. The same results were obtained when 
the efficacy of cefoxitin against B fragilis was eval- 
uated. The minimal bactericidal concentration rese from 
58.17 mg/L for a suspension containing 10° B fragilis per 
milliliter to 183.67 mg/L for a suspension containing 10° 
B fragilis per milliliter (a<.05). The duration of ineubation 
had also a significant effect (overnight, 84.88 mg/L; and one 
hour, 106.25 mg/L) (a<.05). The presence of fibrinogen or 
fibrin in the incubation medium did not influence the 
efficacy of cefoxitin. The effect of clindamycin on B fragilis 
was not influenced by the exposure time and only very 
minimally by the number of bacteria. The minimal bac- 
tericidal concentration for a suspension that contained 10° 
CFU/mL was 1.917 mg/L, and for a solution of 10° CFU/mL, 
it was 3.467 mg/L (a<.05). Again, the presence of fibrin- 
ogen or fibrin had no effect on the bactericidal capacity of 
the clindamycin for B fragilis. 


COMMENT 


This study was undertaken to evaluate the effect or lack 
thereof of antibiotics on the abscess formation seeondary to 
bacteria trapped in fibrin clots. It seems, therefore, appro- 
priate at the outset to discuss the relevance of this experi- 
mental model for the clinical situation. We have described 
the role of fibrin in the pathogenesis of peritonitis and 
abscess formation elsewhere.’ Injury to the mesothelial 
cells of the peritoneum, including bacterial infection, causes 
the release of histamine, serotonin and other vasoactive 
substances, which leads to an increased permeability of the 
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venules and results in the exudation of a protein material 
that contains fibrinogen. Another consequence of the injury 
to the mesothelial cells is the release of thromboplastin, 
which converts prothrombin into thrombin and leads to the 
polymerization of fibrinogen into fibrin. Under normal 
circumstances, the periteneum has fibrinolytic activity, 
which probably removes small amounts of fibrin; however, 
this fibrinolytic aetivity is completely abolished if bacterial 
peritoneal infection is present, and, therefore, fibrin can 
persist. Ahrenholz and Simmons (1980)' were the first to 
show that fibrin entraps bacteria. In their experiment, 
more than 99% of E coli and S aureus contained in 
fibrinogen solution was entrapped in the fibrin mesh when 
clotting occurred. It was later shown that not only E coli 
and S aureus, but also other organisms like Klebsiella, 
Staphylococcus epidermidis, and even latex beads can be 
entrapped by fibrin.* Thus, though the mechanism seems to 
be highly effective, it is unspecific and different from the 
adherence of mieroorganisms to fibrin, which can be 
blocked by a specific antibody. The entrapment of bacteria 
by fibrin has a beneficial effect, in that it abolishes systemic 
sepsis and, thus, the acute mortality of an intraperitoneal Æ 
coli inoculum. On the other hand, it leads to abscess 
formation in all experimental animals.*® 

From the preceding discussion, it seems clear that the 
entrapment of bacteria by fibrin is a defense mechanism of 
the host to protect against systemic sepsis but also has 
undesirable consequences, such as the development of 
abscesses in the peritoneal cavity. One rational therapeutic 
approach to the problem would be based either on the 
removal of the fibrin or the prevention of the deposition of 
fibrin. Hudspeth (1975)” was the first to postulate that the 
removal of fibrin from the peritoneal cavity might be 
beneficial. He advocated a radical peritoneal débridement 
in the treatment cf peritonitis, which, besides other mea- 
sures, consisted of the removal of all fibrin from the 
peritoneal cavity. He did not observe any mortality or 
recurrent abscesses in 94 consecutive patients with severe 
intra-abdominal infections who were treated in this fashion. 
These results could not be confirmed in a prospective 
randomized study chat compared Hudspeth’s radical perito- 
neal débridement to standard treatment, and the mortality 
as well as the rate of recurrent infections after standard 
treatment and radical peritoneal débridement was not 
significantly different." Another approach to the problem 
of the fibrin deposition in the peritoneal cavity is the 
attempt to lyse the fibrin or at least to prevent its continued 
deposition. In previous experiments, we were able to show 
that the systemic heparinization of animals leads to a 
significant decrease in the mortality from fibropurulent 
peritonitis.” These experiments were based on the obser- 
vations of Zinsser and Pryde (1952),* which showed that the 
bacteria were cleared faster from the peritoneal cavity 
when the animals were anticoagulated, and those of Buck- 
man et al (1976), which showed that heparin restored the 
fibrinolytic activity of damaged peritoneum and prevented 
adhesion formation. The beneficial effect of heparin in 
experimental peritonitis has since been corroborated by 
other authors with different animal models." 
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A simpler approach would be the use of antibacterial. 
chemotherapy, provided the antibiotics are able to pene- i- 


trate the fibrin clot and can thus be effective against the 
entrapped bacteria. Very little information is available 
about the penetration of antibiotics into intraperitoneal 
fibrin clots. Most work has been done with subcutaneously 
implanted clots, and it seems that the ability of antibiotics 
to penetrate fibrin cannot be predicted on the basis of their 
chemical structure or their pharmacokinetic properties.”” 
We have shown in previous experiments that gentamicin 
does not penetrate intraperitoneal fibrin clots and, thus, is 
ineffective in preventing abscess formation secondary to 
bacteria-entrapped in fibrin." These additional experiments 
were undertaken for two reasons. First, we wanted to 
evaluate other antibiotics and other bacterial organisms. 
Gentamicin, ampicillin, cefoxitin, and clindamycin were 
chosen because they are frequently used in the treatment of 
intre-abdominal infections. In addition, they represent the 
following several common groups of antibiotics: gentamicin 
aminoglycosides, ampicillin penicillins, cefoxitin cephalo- 
sporzns, and clindamycin macrolide antibiotics. The choice 
of E coli and B fragilis as organisms is obvious if one keeps 
the bacteriology of clinical peritonitis in mind.” 

Our experiments reaffirmed the clinical observation that 
most antibiotics that reach bactericidal serum levels also 
will penetrate in the abdominal cavity in bactericidal con- 
centrations.~ One systemic dose of an appropriate anti- 
biotic, therefore, can abolish the mortality from a lethal 
dose of E coli suspended in normal saline solution com- 
pletely. However, none of the antibiotics used were effective 
in preventing abscess formation secondary to Æ coli 
trapped in fibrin. Intraperitoneal inoculation with B frag- 
ilis did not cause any mortality nor did it result in abscess 
formation. Similar observations have been made by Onder- 
donk et al (1976),” who showed that, except for E colt, all 
bacteria when injected in pure culture into the peritoneal 
cavity had no ill effects on experimental animals. However, 
we were able to create abscesses when B fragilis was 
incorporated into fibrin clots. Again, the development of 
these abscesses could not be prevented by treatment with 
either cefoxitin or clindamycin, even though both antibiot- 
ics achieved bactericidal concentrations for B fragilis, not 
only in blood but also in the peritoneal fluid. A ready 
explenation for the lack of efficacy of gentamicin, ampicillin, 
and clindamycin in preventing abscesses was provided 
wher we found that, after IM injection, the substances had 
very low concentrations in the intraperitoneal fibrin clots 
and cid not reach bactericidal concentrations for the bacte- 
ria used. However, cefoxitin reached bactericidal concen- 
trations for E coli as well as B fragilis in the fibrin clot, even 
though these concentrations were maintained only for a 
relatively short period. To reconcile the fact that we found a 
bactericidal concentration of cefoxitin in the fibrin clot but 
did rot see any influence of this antibiotic on abscess 
formation secondary to bacteria trapped in fibrin in the in 
vivo experiments, we postulate that the bacteria in the 
fibrir clot must somehow be protected against the action of 
antibiotics. For this reason, we did extensive in vitro 
studis, in which we exposed increasing numbers of bacte- 
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ria suspended in culture medium, normal saline solution, or 
fibrinogen solution or incorporated into fibrin elots to 
differeat concentrations of antibiotics for different times. 
The mean baetericidal concentrations obtained in these 
experiments were, to a large degree, determined by the 
experimental eonditions and cannot be compared with the 
standard bactericidal concentrations. Even though we eon- 
ducted these experiments with all antibiotics, the results 
for cefcxitin are most interesting and relevant, because the 
cephalesporin was the only antibiotic that penetrated into 
the fibrin clots:to a sufficient degree to be effective against 
bacteria. The results of the in vitro studies showed that the 
minimal bactericidal concentration of cefoxitin, as of the 
other antibiotics, is dependent on the number of bacteria 
presentin the medium, as well as the time of exposure to the 
antibiotic. We were not able to find any specific pretective 
effect of fibrinegen or fibrin against cefoxitin. The results 
for the other antibiotics were identical to those for cefox- 
itin; only in the case of ampicillin did we detect a weak 
protective effeet of fibrinogen and fibrin. The phenemenon 
that high concentrations of bacteria interfere with the 
action of antibietics and require higher drug concentrations 
to achieve the killing of bacteria is well known and has been 
called the inoculum effect. It also has been shown that the 
inoculum effect is one of the determinants of bacterial 
virulenee in an intra-abdominal abscess.™” It is also clear 


that a longer exposure time of the bacteria to the antibiotic 
promotes the killing of bacteria, because antibiotics exert 
their bactericidal action by interfering with either protein 
synthesis (gentamicin and clindamycin) or with eell wall 
synthesis (ampicillin and cefoxitin). Both biochemiea! proc- 
esses occur during cell division, and, in order for an 
antibiotic to be effective, it has to be present during several 
reduplication cycles, which, for most bacteria, last 20 to 30 
minutes. 

The results of these experiments lead us to conclude that 
antibiotics do not prevent abscess formation secondary to 
bacteria trapped in fibrin clots. For most antibiotics that we 
examined (gentamicin, ampicillin, and clindamycin), the 
lack of efficacy is easily explained by the inability of the 
antibiotic to penetrate fibrin clots. But, even if minimal 
inhibitory concentrations of antibiotics in the fibrin clot are 
achieved, as was the case with cefoxitin, the antibiotics are 
ineffective because of the high concentration of bacteria 
that are trapped in the fibrin clot. We were not able to 
demonstrate any relevant protective effect of either fibrin- 
ogen or fibrin against the action of antibiotics. Whether 
antibiotics that are able to penetrate into fibrin clots when 
administered in very high doses and over a prolonged period 
of time are able to prevent abscess formation secondary to 
bacteria entrapped in fibrin is a question that remains to be 
answered. 
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Discussion 


Joun E. Kirkpatrick, MD, Detroit: Dr Hau and his co-workers 
have shown experimentally what surgeons have suspected clini- 
cally, namely, thesprotective effects of fibrin formation in prevent- 
ing systemic infection have a price to pay—in their study this was 
abscess formation. 
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In their study, they suggested a variety of ways of approaching 
the problem of bacterial entrapment. The first of these was radical 
débridement. They have pointed out that this has not stood the test 
of time since it does not change mortality or morbidity. 

The second approach is prevention of fibrin formation with 


Abscess Formation—Hau et al 167 























systemic heparin. They (and I would certainly agree with them) 
concluded that this is a clinically impractical solution given the 
complication rate of full anticoagulation associated with a major 
intra-abdominal operation. 

The third approach, namely, systemic antibiotics, was the focus 
of the present study. They made two important points: (1) The 
penetration of antibiotics into a fibrin clot was not effective except 
in the ease of cefoxitin. (2) In the case of cefoxitin even though 
penetration oecurred, it did not prevent local infection or abscess 
formation. 

If the clinical implications inherent in this study are accepted at 
face value, then pessimism should prevail. However, as we know, 
this is not necessarily the case. In other words, there is a window of 
time following clinical contamination before bacteria can become 
entrapped with fibrin—a period of time during which a variety of 
techniques have emerged and have been employed to prevent 
systemic seeding and abscess formation. 

Therefore, to fully appreciate the effect of this study one needs to 
know (1) the time period between contamination and eventual 
entrapment. Was it five minutes, five hours, or some time interval 
in between? (2) The relative effectiveness of antibiotics and/or 
peritoneal irrigation in preventing entrapment. (3) The effec- 
tiveness of purely local factors such as irrigation with or without 
dextran or heparin and/or intraperitoneal antibiotics in preventing 
or delaying fibrin formation itself. 

Therefore, while I very much enjoyed both the study and the 
presentation, I remain mildly skeptical that the model under 
discussion has a transferable relationship to the clinical situation of 
abscess formation following peritoneal contamination. 

Orr D. Rorsrein, MD, Minneapolis: The contention in this 
study is that the reason for the failure of the abscess to resolve is 
that the antibiotics did not get into the clot. Our data using sterile 
clots have demonstrated that these produced a residual nidus at the 
end of the experimental period. In addition, our in vitro studies 
would suggest that the inability to resolve the clot may be due to 
the inability of neutrophils to function appropriately while they are 
enmeshed or trying to get into the clot. 

To test this hypothesis, I wonder if you have looked at sterile 
clots in your model or clots that contain dead bacteria. 

DieTmaR H. Witrmann, MD, Hamburg, West Germany: I 
think this study clearly showed us the inoculum effect of an 
infection and did demonstrate the importance of surgery to reduce 
the inoculum for effeetive antibiotic therapy. 

However, I was astonished about the low concentration of 
antibiotics you observed in the fibrin clot. From a pharmacokinetic 
view, there is no difference between cefoxitin and ampicillin, for 
example, so I wonder what methods you used to measure the 
concentration of the clot, and how do you explain the big difference 
in the concentration in the clots? 

C. L. WELLS, PhD, Minneapolis: I have a similar question. I 


168 Arch Surg—Vol 121, Feb 1986 


= 


tried to measure antibiotic levels in a clot at the same time we were 
doing subcutaneous abscesses that contained a more fluid pus 
material. This clot is very thick and very tough. It is hard to cut it 
with a pair of scissors, and it was very hard for us to quantitate, 
even on a weight or volume basis, what the antibiotic level of the 
clot was. For that reason, I would like to know which methods 
were used. 

Dr Hau: The first question by Dr Kirkpatrick relates to the time 
of entrapment. The entrapment occurs in vitro. As soon as the 
fibrinogen clots, the bacteria are trapped. Then, we implant the 
clot with entrapped bacteria into the peritoneal cavity. I do not 
think anybody knows exactly how long it takes to develop fibrin in 
the peritoneal cavity after the perforation of a hallow viscus. 
However, I would submit that it does very quickly, because fibrin— 
even in early cases of peritonitis—is a constant finding. 

The second question dealt with the effect of intraperitoneal 
antibiotics and irrigation in preventing abscesses. I think irriga- 
tion of the peritoneal cavity is helpful in that it decreases the 
number of bacteria and gets rid of certain adjuvant substances. I do 
not taink that once a fibrin sheath has developed, it can be removed 
by irrigation. 

We have done no experiments where we inoculated the clots in an 
antibiotic solution to see if the drugs would penetrate into the clot 
under those circumstances because we felt that this experiment 
would be pretty irrelevant. When one irrigates the peritoneal 
cavity, there is a very short contact time between the antibiotic and 
the fibrin clot that is not leng enough to allow possible penetration 
of the antibiotic into the clot or any bactericidal action, and we 
thought it was more important to see what could be achieved with 
antibiotics that maintain bactericidal levels in the peritoneal cavity 
for a longer time. 

Lastly, Dr Kirkpatrick asked if this model is applicable to the 
clinieal situation. As any experimental model it only highlights one 
aspect of the clinical problem, and it is as applicable and nonap- 
plicable to clinical questions, as most experimental models. Exper- 
imertal abscesses in rats do not mimic the clinical situation at all, 
because rats with intraperitoneal abscesses eat, gain weight, and 
do net show any sign of severe illness. Therefore, you look just ata 
singe phenomenon, and it remains to be seen if this is relevant in 
the elinical situation. Other experiments have to be done. 

The question why certain antibiotics penetrate into the clot and 
others do not, I really cannot answer. A review of the literature 
reveals no studies that deal at penetration of antibiotics into 
intraperitoneal fibrin clots, but there are studies that examine the 
penetration of antibiotics in subcutaneously implanted fibrin clots. 
No chemical or pharmacokinetic characteristics of the antibiotics, 
for example, the fact that if they are protein bound or not, seem to 
give a hint about their behavior in this regard. It appears to be 
completely unpredictable whether a given antibiotic will penetrate 
into a clot or will not. 
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Influence of Dietary Nucleotide 


Restriction on Bacterial Sepsis 


and Phagocytic Cell Function in Mice 


Anil D. Kulkarni, MSc; William C. Fanslow; David B. Drath, PhD; 
Frederiek B. Rudolph, PhD; Charles T. Van Buren, MD 


è Although enzyme defects in purine metabolism have re- 
vealed tne importance of these substrates to maintenance of a 
normal ‘mmune response, the role of exogenous nucleotides 
on the cells that mediate the host defense system has re- 
mained largely unexplored. Recent investigations have re- 
vealed tnat dietary nucleotides are vital to the maintenance of 
cell-mediated responses to antigen stimulation. To test the 
influence of dietary nucleotide deprivation on resistance to 
infection, Balb/c mice were maintained on chow, a nucieotide- 
free (NF) diet, or an NF diet repleted with adenine, uracil, or 
RNA. Mice on the NF diet suffered 100% mortality following 
intravenous challenge with Staphylococcus aureus, while 
chow-fed and RNA- or uracil-repleted mice demonstrated sig- 
nificantly greater resistance to this bacterial challenge.Macro- 
phages from mice on the NF diet had decreased phagocytic 
activity as measured by uptake of radiolabeled bacteria com- 
pared with mice maintained on the NF diet supplemented with 
adenine. uracil, or RNA. No change in S aureus antibody 
response was noted on the various diets. Although the mecha- 
nism of this suppression of nonspecific immunity remains 
unclear, provision of nucleotides to defined diets appears vital 
to maintain host resistance to bacterial challenge. 

(Arch Surg 1986;121:169-172) 


Ss remains a major threat to critically ill sargical 
patients, despite the advent of broad-spectrum antibi- 
otics and sophisticated physiological monitoring. Over 50% 
of septie patients who develop multiple-organ failure will 
die despite appropriate antibiotic and supportive therapy.*” 
Serum-blocking factors against cellular immunity have 
been reported by several investigators. Saba and Jaffe? have 
reported a deficit in opsonic a,-surface glycoprotein. Based 
on these data, some investigators have advocated the use of 
stimulants ef nonspecific immunity, eg, muramy] dipeptide, 
to enhance antibiotic effect in these immunocompremised 
patients.** This compound, a polypeptide derived from the 
mycobaeterial cell wall, presumably exerts its beneficial 
effect by stimulation of macrophage activity. 

The importance of phagocytic cells, such as macrophages 


Accepted for publication Aug 26, 1985. 

From the Division of Immunology and Organ Transplantation, Depart- 
ment of Sungery, University of Texas Medical School, Houston (Mr Kulkarni 
and Drs Drath and Van Buren), and the Department of Biochemistry, Rice 
University Houston (Mr Fanslow and Dr Rudolph). 

Read bedre the Fifth Annual Meeting of the Surgical Infection Society, 


` New Orleans, April 29, 1985. 


Reprint sequests to Division of Immunology and Organ Transplantation, 
Universityof Texas Medical School, Houston, TX 77030 (Mr Kulkarni). 


Arch Sure—Vo! 121, Feb 1986 


and polymorphonuclear leukocytes, is documented by the 
range and severity of infections seen in patients with 
polymorphonuclear leukocyte function disorders, eg, 
chronic granulomatus disease, myeloperoxidase deficiency, 
Chédiak-Higashi syndrome, etc. Malnutrition in human 
and in experimental animals studies has been shown to 
cause “an acquired phagocytic cell deficiency syndrome.” 
Phagocytic function in protein-caloric malnutrition has 
been studied extensively and has resulted in contradictory 
findings. Many of these contrasting findings are due to 
inadequately assessed patient populations and the associ- 
ated nutritional deficiencies. Also, these studies are not 
done in situations controlled for infection. Phagocytic func- 
tion can be divided into many phases: mainly chemotaxic 
events leading to phagocytosis and then the ingestion 
leading to microbial-killing events. In experimentally con- 
trolled infection studies, it can be seen that the disorders of 
the above mentioned phases would result in severity of 
infection, morbidity, and mortality. Ratnakar et aP ob- 
served that protein-deficient monkeys exhibited marked 
depression of phagocytic activity in studies using radio- 
labeled bacteria by an intravenous (IV) route. Price and 
Bell’ showed that protein-deprived mice had decreased 
reticuloendothelial function, as well as reduction of perito- 
neal macrophages and also their phagocytic function. 

Although phagocytic cell function has been documented 
to be depressed in experimental studies of protein-deficient 
mice and monkeys, few studies have examined the influence 
of various diets on immune function in normal, well-nour- 
ished animals. Van Buren and colleagues’ have previeusly 
described that a commercially available basal diet, which 
supports normal group and development in mice, retards a 
primary alloimmune response. Restoration of dietary nu- 
cleotides maintains cellular immunity comparable with that 
of chow-fed controls. The defined nucleotide-free (NF) diet 
suppresses delayed cutaneous hypersensitivity,” delays 
onset of graft-vs-host disease in a murine bone marrow 
transplant model,’ and synergistically enhances the ef- 
ficacy of the powerful immunosuppressant cyclosporine in 
preventing rejection of newborn murine cardiac allografts.” 

The following experiment examines the influence of the 
NF diet on nonspecific host resistance to IV challenge with 
Staphylococcus aureus. The influence of dietary nucleo- 
tides on maintenance of phagocytic cell function is also 
examined. 
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Fig 1.—Percent survival in Balb/c female mice on days 4 and 8 post- 
infection with 1x 10’ viable Staphylococcus aureus intravenously. 
Diet groups were as follows: F, Purina standard laboratory chow; NF, 
Purina basal diet; NFR, NF diet supplemented with 0.25% purified 
yeast RNA; NFA, NF diet supplemented with 0.06% adenine; and 
NFU, NF diet supplemented with 0.06% uracil. 


MATERIALS AND METHODS 
Animals 


Balb/c female mice, 4 to 6 weeks old, were maintained on the 
following diets for at least four weeks: Purina standard laboratory 
chow No. 5508 (F); Purina basal diet No. 5755 (NF diet); NF diet 
supplemented with (1) 0.25% purified yeast RNA (NFR), (2) 0.06% 
adenine (NFA), and 0.06% uracil (NFU). All animals grew nor- 
mally as seen by similar weight gain in all groups. 


Bacterial Culture 


Staphylococcus aureus (ATCC-25923) was used and maintained 
by subculturing in trypticase soyabroth for 36 to 48 hours in a 37 °C 
incubator with techniques previously described." Cultures were 
checked for purity by standard bacteriologic methods using a 
streak-plating technique and by staining. Cultures were pooled 
and centrifuged at 10,000 rpm for 15 minutes, and the cell pellet was 
washed three times with phosphate-buffered saline (Diluzio and 
Williams’ method, 1978”). The cell number for dose response curve 
was determined by using a dilution-plating method, and various 
doses were injected IV. For in vivo challenge experiments, 1 x 10° 
S aureus dose was chosen, since that dose resulted in a 40% 
mortality in control group at seven days after inoculation.” 

The 1x10 S aureus cells suspended in normal saline were 
injected IV in tail veins of mice, and the animals were monitored for 
morbidity and mortality every day. Blood samples were collected 
from long-surviving animals, and serum samples were tested for 
bacterial agglutinins. 

Data were examined for statistical significance using the x’ test 
for contingency tables. 


Phagocytosis of Labeled Bacteria 


Mice from each of the diet groups were injected intraperitoneally 
with 2 mL of 1% peptone water, and after 48 hours intraperitoneal 
exudate cells were collected. Over 90% of cells were macrophages, 
based on microscopic morphology. These macrophages were mono- 
layered at 3 x 10° cells per Petri dish and incubated at 37°C. Hanks’ 
buffered salt solution medium containing glucose (1 mg/mL) was 
added to the monolayers, followed by S aureus labeled with ten 
bacteria per phagoeyte. After 30 minutes of incubating, the 
bacteria were removed and monolayers were washed in saline and 
stained for counting. Zero time point counts were subtracted from 
30-minute measures. Protein determinations were performed on 
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Fig .—Phagocytosis of bacteria labeled with carbon 14 by macro- 
phaces from different diet groups. Results expressed as micro- 
grams of Staphylococcus aureus ingested per milligram of macro- 
phace protein. For explanation of abbreviations, see legend for 
Fig 7. 


the macrophage monolayers as radiolabeled bacteria aliquot to 
express micrograms of S awreus ingested per milligram of mono- 
layer protein. 


RESULTS 


Cnow-fed mice were inoculated IV with various doses of 
S aureus organisms to determine a dose response curve.” 
The 10‘ and 10° S aureus doses showed 40% and 80% 
mortality, respectively, on day 8, with no further mortality. 
Based on these results, a lethal dose for 50% survival of 
1x 30‘ S aureus was injected into mice from all diet groups. 
The NF group showed 60% mortality on day 2, increasing to 
80% and 100% on days 5 and 6, respectively, which was 
sigrificantly different from the F, NFR, and NFU groups 
(P<.05). After bacterial challenge, there was no significant 
diffrence in the weight loss observed in all diet groups. 
Urecil supplementation of the NF diet did offer some 
procection, 56% mortality NF U/NF (P<.05) similar to that 
of NFR, but adenine supplementation was intermediate 
(78% mortality) in survival as compared with the NF diet. 
The results from days 4 and 8 are shown in Fig 1. 

In an in vitro experiment, macrophages from individual 
animals from all five diet groups were incubated with 
S aureus labeled with carbon 14 for 30 minutes. At the end 
of the incubation, monolayers were washed and collected to 
measure uptake of the radiolabeled bacteria. Macrophages 
from mice on the NF diet had the lowest quantitative 
phagocytic capacity (Fig 2). The NF mice had ingested 
52€ + 136 wg of S aureus per milligram of monolayer protein, 
as compared with the F mice (575+1385 wg), NFR mice 
(894+154 pg), NFA mice (841+108 pg), and NFU mice 
(704 + 83 wg) (significance, NFA vs NF group, at P<.05 and 
NFR vs NF group at P<.1). 

Serum from long-surviving mice showed that all diet 
groups had a 1:4 agglutination titer for S awreus (Table). 
Baib/e mice from each diet group were challenged IV with 


1x10 heat-killed bacteria to confirm that susceptibility to. 


mertality was due to the viable organisms and not by any 
other noncellular soluble factor from the inoculum. There 
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Mortality of Balb/c Mice Challenged With 1 x 10’ 
Viable er Heat-Killed Staphylococcus aureus* 


Diet Group No. of Mice % Mortality Agglutinin Titer 


Injection With 1x 10’ Viable Bacteria 
10 40 





*F indieates Purima standard laboratory chow; NF, Purina basal diet; NFR, 
NF diet supplemented with 0.25% purified yeast RNA; NFA, NF diet 
supplemented with0.06% adenine; NFU, NF diet supplemented with 0.06% 
uracil; and ND, not done. 

tP<.05 for NF vs F, NFR, and NFU groups. 


was no mortality in any diet group with the killed bacteria; 
the animals remained healthy throughout the experiment. 


COMMENT 


Epidemiological studies and clinical evidence have 
strongly suggested that nutritional deficiencies increase 
frequency and severity of infections.” In 1974, Kulapongs 
et al had observed that in children with severe iron 
deficiency anemia, there was a marked depression of cell- 
mediated immunity, phagocytosis, and killing function. In 
1977, Kulapongs et al had also noted that there was a 
defective local leukocyte mobilization in children with 
kwashiorkor. 

Macrophages play a very important role in antigen recog- 
nition and processing with subsequent interactions with T 
and B cells to initiate cellular and humoral antibody re- 
sponses according to Feldman.” Nutritional modulation of 
the immune response has a tremendous potential signifi- 
cance in the medicine and therapy. Freyre et al® and 
Kulapongs et al” had observed the defective mononuclear 
cell chemotaxis in patients with kwashiorkor and reported 
that these ebserved defects were readily reversible after 
proper nutritional manipulation. Similarly, Higgs and 
Wells had reported that iron administration to individuals 
with iron deficiency and impaired cellular immunity had a 
benefieia! effect in fighting off chronic fungal infections. 

Although nutritional deficiencies markedly depress 
cellular immunity and nonspecific host defenses against 
infection, benefit of nutritional support in maintaining 
defenses against infection has been difficult to document in 
acutely ill surgical patients. Short-term nutritional support 
does not beneñt septic patients who require surgery. The 
beneficial effeets of nonspecific immune stimulants, such as 
muramyl dipeptide, are markedly limited by nutritional 
manipulation. The ideal nutritional regimen to maintain 
natural host immunity has not been developed. 

Nucleotide deprivation markedly increases susceptibility 
to staphylocoecal sepsis." Repletion with RNA or uracil 
offers protection similar to that seen in chow-fed controls. 
Adenine failed to enhance significantly the survival from 
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bacterial challenge, compared with mice on the NF diet. 
One explanation for the remarkable difference in survival 
following staphylococcal inoculation was the observed dif- 
ferences in in vitro phagocytosis of S aureus labeled with 
carbon 14. Macrophages from mice fed diets repleted with 
RNA or adenine demonstrated increased phagocytosis of 
S aureus compared with macrophages from NF-fed hosts. 
This contrasts with the lack of benefit of adenine supple- 
mentation to maintain delayed cutaneous hypersensitivity 
to purified protein derivative or sheep erythrocytes. This 
could be explained by the observation that macrophages 
when activated have markedly elevated purine metabelism, 
which may be related to the nucleotide requirement for 
their increased cellular metabolism.” Thus, the NF diet 
may be affecting the T-cell-mediated response subsequent 
to its effect on macrophage phagocytic function. So it could 
be speculated that, in our previous data, macrophages may 
be involved in the suppression of a mixed lymphocyte 
reaction and also in the delayed allograft rejection. How- 
ever, this may not be the case in the delayed acute graft 
mortality as it is known to be mediated by T cells. There is 
no significant difference in the in vitro phagocytosis of 
bacteria by macrophages from F and NF diet-fed animals, 
in contrast to the mortality difference seen in the in vivo 
experiment. This may be due to the different populations of 
phagocytic cells in the above assays or unknown serum 
factors in the animals from these two diet group animals. 
In conclusion, this report demonstrates that nucleotides 
are required for normal nonspecific immunity to baeterial 
pathogens. To our knowledge, this is the first study indicat- 
ing that animals fed nucleotide-repleted diets have im- 
proved phagocytosis of bacteria by macrophages as com- 
pared with dietary nucleotide-deprived hosts. The exact 
role of nucleotides in regard to their dietary requirements 
and mechanism of action still remains to be elucidated. 


This work was supported by grants CA 14030 and CA 35492 from the 
National Cancer Institute, National Institutes of Health, Bethesda, Md. 
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Discussion 


Joser E. Fischer. MD, Cincinnati: In this study there were 
two different diets plus a variety of additives used in mice that were 
then challenged with a quantity of S aureus. Inthe manuscript and 
in the presentation, the injection of 1 x 10’ S aureus in control mice 
resulted in a 40% mortality at 48 hours, which is not significantly 
different from the 60% mortality in nucleotide-deficient mice, 
while in the article the contro! mice had 56% mortality at 48 hours 
while 100% mortality was seen in the nucleotide-deficient mice. 
Perhaps this difference could be explained. I would point out that 
the 56% mortality at 48 hours in the abstract was no different than 
the 60% mortality in the nucleotide-deficient mice. 

The basal diet was not defined, and it was difficult for me to find 
out what was in the basal diet. Apparently it is different in some 
way, but the composition was not given in the article nor could I 
find it in any of the references. 

If the diet is deficient only in nucleotides, let me point out that 
nucleotides are unlikely to be absorbed intact from the gut. The 
ribose is undoubtedly split and some of the other materials are 
probably taken off the nucleotides, so clearly something else is 
involved. 

If I take the article and the presentation in toto, the only in vitro 
macrophage function that differed significantly from the nu- 
cleotide-deficient diet was the adenine-enriched diet containing 


- adenine supplements; yet in dealing with the in vitro challenge 


with S awreus this was the one supplement that did not result in 
any enhanced survival. Clearly, as Dr Van Buren and colleagues 
point out, macrophage function is not the deciding factor; at least it 
does not correlate with survival from the challenge. 

I have three questions. First, let us assume that this diet was 
isonitrogenous. Was the intake of the mice in the various aspects of 
the experiment monitored? Mice and rats are very fastidious 
eaters, and a deficient diet often is not ingested to the same degree 
as the diet they are accustomed to, and perhaps this was responsi- 
ble for the differences. It is pointed out that they all gained equally, 
but we all know that animals that are malnourished have a 
tremendous excess of body water that can be hidden by equal 
weight gain. 

Second, I would have suspected that if we were dealing with 
nonspecific host resistance in response to an S aureus challenge, 
the difference in mortality would be reflected in days—24 to 48 
hours following the challenge. There is no significant difference 
between mortality at that time, and the difference in mortality 
only resulted later on, which presumably reflects other factors 
besides phagocytic funetion. 

Third, I am prepared to accept that this diet is deficient in 
something. Whether the diet is deficient in nucleotides or whether 
it is deficient in traee metals, usable nitrogen, or distribution of 
ealories, I do not know. It would be interesting to know exactly 
what Purina does with the diet in order to take it from chow to what 
they call the basal diet, beeause I suspect they did some other 
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things besides removing the nucleotides. 

JOSEPH S. SOLOMKIN, MD, Cincinnati: Given the relatively slow 
time course of death in the experiments, particularly using gram- 
positive organisms, one would not expect the mechanism of death 
to be an acute endotoxin reaction. I would like to ask the authors 
whether they have autopsy data on the animals and whether that 
information provides any insight into the location of the potential 
effec: of the dietary manipulations. 

PATRICK ROUGHNEEN, MD, Houston: I would like to ask Dr Van 
Buren, in reference to the data he presented on cell-mediated 
immunity, if he has looked at T-cell subsets and function in mice on 
NF ets. 

ALBERT T. McManus, MD, Fort Sam Houston, Tex: Are you 
feeding the gut flora of these mice rather than the mice? What 
influence do you think that might have on the model? I am not 
convinced that these mice are dying of staphylococcal disease. Can 
you address the pathology in more detail? 

RownALD V. Maier, MD, Seattle: As an extension of Dr Fischer's 
comments, I wonder if the authors would expound on whether they 
think this effect has nothing to do with the phagocytic or immune 
respase but rather, in the absence of adequate nucleotides, that 
the host is no longer able to repair itself after being continuously 
injured, and that is why the mortality occurs at five days rather 
than acutely at 24 hours. 

Dr VAN Buren: Regarding Dr Fischer’s questions, the 60% 
mortality that he quoted for the animals on the NF diet was 
observed on day 2, and in fact all the animals died by day 8. 
Consequently, there was a statistically significant difference in 
survival between the animals on the NF diet and those on chow or 
uracil- er RNA-repleted diets over the course of the entire study. 

Regarding the nature of this diet, this is a diet that is provided by 
Purina as a defined diet that supports normal growth and develop- 
ment. It has 18% casein as its protein source compared with fish 
meal or meat products, which are present in a normal chow diet. 

I would have agreed with Dr Fischer's comment that it could be 
some other constituent of the diet if we had not had the adenine-, 
RNA-, and uracil-repleted groups. The basal diet repleted with 
just these nutrients, nothing else, indicated that there was a 
restoration of protection against S awreus challenge following 
maintenance of the animals on these diets. Thus, using those 
controls, I would argue in fact that we have evidence that repletion 
with RNA or uracil does protect against challenge from S aureus. 

Several questions were raised regarding the natural history of 
this mfection—that in fact the mortality rate observed in the 
animals on the NF diet was earlier and there was a steeper slope of 
the mortality curve. I concur that this raises questions as to 
whether it is a phagocytic function that is a problem in these 
animals or whether in fact there is some other element that is 
involved. In separate studies with a Candida challenge (and I 
grant that is a separate infecting organism), we have demonstrated 
and recovered increased titers of these infecting organisms from 
various viscera of the animals, demonstrating that there is an 
increased incidence of sepsis. The same thing needs to be done with 
S aurzus to confirm the hypothesis presented. 

Concerning the question regarding T-cell lymphocyte subsets, 
we heve performed these analyses and, in fact, animals that have 
been stimulated by a foreign antigen (animals on an NF diet) 
demonstrate a decrease in T-helper or Ly Tl-positive cells. Again, 
repletion of the diet with RNA abrogates this effect. 

Regarding gut flora, this is not a factor that we have examined. 
While it is a reasonable question, I am not sure it is pertinent to the 
observations made in this particular set of experiments that were 
descr bed. 

Fimally, regarding Dr Maier’s question concerning the mecha- 


nism ef animal mortality, I think studies that are currently ongoing » 


both from macrophages and from tissue following Staphylococcus 
challenge should hopefully answer his question. 


Nucleotide Restriction—Kulkarni et al 





~ 
\ 


< 








Alterations in Exogenous Substrate 


Metabolism in Sepsis 


Rober: C. Fried, MD; Patricia M. Bailey, MD; James L. Mullen, MD; 


T. Peter Stain, PhD; Lon O. Crosby, PhD; Gordon P. Buzby, MD 


@ Metebclic rates and substrate utilization patterns were 
evaluated by using a rate cecal ligation and perforation model. 
Animals thet survived for 48 hours after the induction of sepsis 
were bypernetabolic and responded appropriately to varying 
exogenous substrate infusions. In contrast, animals that did 
not survive to 48 hours were premorbidly hypometabolic and 
failed to adjust their oxidation patterns in response to the 
exogenous:substrate supply. These findings suggest the ben- 
efit of indiv dually tailoring the supply of exogenousmutrients 
in critically ill patients with sepsis and of frequent reassess- 
ment of metabolic parameters, including the resting energy 
expenditure and respiratory quotient. 

(Arch Suag 1986;121:173-178) 


i and injury induce numerous changes in the meta- 
bolie processes in animals.’” These alterations initially 
produce a catabolic (ebb) phase, which is followed by a 
recovery or anabolic (flow) phase.** Extensive efforts have 
been made to design methods that would effectively mini- 
mize »rotein loss during the catabolic phase of injury and 
promete the restoration of proteins as rapidly and effi- 
ciently as possible. Proposed methods for achieving these 
objectives include altering the caloric source to maximize 
effective ucilization,”’ changing the profile of the supplied 
aminc acics mixture to improve nitrogen retention and 
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protein synthesis,*” supplying pharmacologic agents to 
alter the overall metabolic status of the host or influence 
specific metabolic pathways,” or changing the hormonal 
milieu of the animal in the posttraumatic state.” 

Studies that were designed to characterize metabolic 
changes that are induced by sepsis have produced variable 
and often conflicting results. A number of studies have 
shown that severely stressed patients are hypermeta- 
bolic,’"” while other investigators have failed to confirm 
these findings.“ There are also conflicting data on the 
ability of animals and man with sepsis to utilize exogenous 
substrates.“””” The reasons that underlie these variable 
results are not certain but may reflect differences in the 
model that was used or in the substrates that were infused 
in a particular study, the baseline nutritional status of the 
host, and/or, perhaps most importantly, the metabo.ic state 
of the animal at the time of measurement.” Although the 
ebb and flow phases that follow injury usually occur sequen- 
tially, the duration and magnitude of each may vary sub- 
stantially between subjects. The measurement of metabolic 
parameters at a fixed time point after the injury may yield 
different results, based on intersubject differenees in the 


Table 1.—Characteristics Based on Dietary Infusion 


Dietary Infusion 







Characteristic Glucose Glucose and Lipid 


*Freamine Ill. 
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Fig 1.—Study protocol shows subjects thet were treated with two 
different dietary infusions at different times during study. 
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Fig 2.—Effect cf sepsis on carbohydrate oxidation. Carbohydrate 
oxidation is expressed as percent of carbohydrate infused. There 
were no significant differences between survivors and preterminal 
animals. 


severity of the injury, the metabolic stage of the patient, 
and/or the individual's response to injury. The severity of 
the condition must be quantified, and interstudy compari- 
sons must be made with similar populations. 

We undertook this study using a standardized model of 
stress/sepsis to evaluate the following three aspects of the 
metabolic response to sepsis: (1) to determine if a uniform 
level of stress/sepsis that is induced by cecal ligation and 
perforation consistently results in a hypermetabolic state; 
(2) to determine whether exogenous lipids or carbohydrates 
are preferentially utilized in sepsis, as manifested by sub- 
strate utilization calculations and/or improved survival or 
nitrogen retention; and (3) to determine if metabolic pat- 
terns that are observed in the early posttraumatic period 
are related to the ultimate clinical course of the animal. 


MATERIALS AND METHODS 


Twenty-five female Lewis rats that weighed approximately 200 g 
were studied. All animals were housed in gang cages and were fed 
regular rat chow ad libitum until the time of the study. At zero 
hours, the animals were lightly anesthetized with ether, and 
superior vena eava cannulas were placed by a modification of a 
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Fig 3.—Effect of sepsis on resting energy expenditure (REE). 
Outcome from sepsis is significantly related to observed metabolic 
response (P<.01). Preterminal animals were hypometabolic, while 
survivors were hypermetabolic. 


previously described procedure.” While anesthetized, each animal 
underwent a laparotomy through a midline incision. The bowel was 
eviscerated and was allowed to dry by exposure to room air for one 
minute. Stool was forced into the cecum, and a ligature was placed 
around the cecum 1 cm from the distal tip. Ligation at this point 
does not disrupt bowel continuity.“ The antimesenteric surface 
was perforated once with an 18-g needle. Stool was extruded 
througn the perforation to ensure patency, the bowel was returned 
to the peritoneal cavity, and the abdomen was closed in two layers. 
The arimals were then placed in specially designed individual 
metabelic cages in a controlled temperature environment (23 °C) 
with a 12-hour light-dark cycle. Animals were maintained nil per os 
for the duration of the study and were randomly assigned to receive 
one of zwo intravenous diets (Table 1). 

Diets were initiated immediately after laparotomy and were 
continued for 48 hours. All diets were isocaloric, isovolumic, and 
isonitrogenous, with a fixed calorie:nitrogen ratio of 165:1. Each 
diet contained identical quantities of electrolytes and vitamins.” 

Tweaty-four hours following the operation, all animals appeared 
grossly septic; they were lethargic, with pilar erection and dried 
blood <round their eyes and nares. Urine was collected during the 
first 24 hours of parenteral infusion and was frozen at a tempera- 
ture of — 20°C. Urinary nitrogen excretion was later determined 
by the Kjeldhal technique. 
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Animals that were hypermetabolic at 24 hours (resting energy 
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significantly increased chance of survival (ten of 11), when com- 
pared with hypometabolic animals (three of ten) (P<.05). 


Glucose 


C Glucose:Lipid 


urvivors 


Preterminal 
Outcome 


Fig 5.—Effect of sepsis on respiratory quotient (RQ). Infusion of 
glucose resulted in significant increase in RQ in all animals relative 
to infusion of mixed substrates (P<.01). Survivors adapted appro- 
priately to infusion while preterminal animals failed to adapt (RQ 
remained constant) (P<.01). 


As shown in Fig 1, metabolic measurements were performed on 
all animals prior vo laparotomy and 24 hours following surgery. 
Resting energy expenditure (REE) and the respiratory quotient 
(RQ) were determined from measured quantities of oxygen that 
was consumed (VO,) and carbon dioxide that was produced (VCO.). 
An indirect calorimetry system was used to measure VO, and 
VCO,. The system consists of a metabolic measuring cart (MMC, 
SensorMedies, Anaheim, Calif) that was adapted for small animal 
studies in this laboratory.” All measurements were at a steady 
state, as defined by four consecutive two-minute measurements, 
with variations in VCO, less than 0.02% per minute. A single 
determination was the mean of four consecutive two-minute VO, 
and VCO. measurements. The modified Weir formula (kcal/day = 
[3.9 x VO.+ 1.1 VCO,]) was used to calculate REE.” The respira- 
tory quotient and substrate utilizations were calculated for the 
first twenty-four hours after the induction of sepsis according to 
the methed that was described by Caldwell.” 

All animals that survived 24 hours after surgery were evaluated 
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for REE, RQ, nitrogen balance, and substrate utilization în = 21). 
Values are reported as the mean+ SEM. Statistical analyses that 
compared mean values were performed by using two-tailed, non- 
paired Student’s t tests. Survival data were analyzed by x’. To 
determine whether metabolic measurements in the early postin- 
jury state would predict the outcome, data that were obtained after 
24 hours were grouped according to whether or not the animal 
survived an additional 24 hours (a total of 48 hours after the mjury). 
Animals that remained alive at 48 hours were termed survivors; 
animals that died between 24 and 48 hours after surgery were 
termed preterminal. Data for survivors and preterminal animals 
were compared by two-way analysis of variance. 


RESULTS 
Metabolic Measurements of All Animals at 24 Hours 


Measured metabolic parameters of all animals at 24 hours 
are listed in Table 2. The REEs of animals with sepsis at 24 
hours were not significantly different than presepsis values 
(130 to 140 keal/kg/day; not significant by the paired Stu- 
dent’s t test). There were no significant differences in the 
measured energy expenditures between dietary groups 
when REE was expressed either as keal/day or keal/kg/day. 
However, in septic animals, there were large variations in 
REE, with 33% of the animals hypermetabolic, 33% nor- 
mometabolic, and 33% hypometabolic at 24 hours, relative 
to their baseline presepsis measurement (normometabolic 
is defined as 24-hour REE = 90% to 110% of presepsis REE). 

Both groups received equally hypercaloric infusions that 
provided approximately two times their calorie expen- 
diture. After receiving these hypercaloric infusions for 24 
hours, the mean RQ in animals that received glucose was 
significantly higher than the RQ in animals that received 
the mixed substrate. Substrate utilization calculetions re- 
vealed that animals that received glucose oxidized 10.6 g of 
carbohydrate per day, while animals that received mixed 
fuels oxidized only 4.7 g/day (P<.01). Animals on the mixed 
substrate regimen, however, received less glucose (50%), 
such that proportions of infused carbohydrates that were 
oxidized were similar between groups (Fig 2). Net fat 
synthesis in the glucose-treated group was approximately 
2.0 g/day, while animals that received lipid demonstrated 
net fat oxidation of 0.4 g/day (P<.01). Survival and nitrogen 
retention were equivalent on both dietary regimens. 


Comparison of Outcomes and Metabolic Alterations 


Animals were grouped according to whether or not they 
survived an additional 24 hours (to 48 hours after the 
operation). The type of substrate that was infused did not 
alter the 24- or 48-hour survival rate, with 58% of glucose- 
treated animals and 46% of mixed substrate—treated ani- 
mals surviving to 48 hours (Table 2 and Fig 1). 

Figures 2 through 7 illustrate differences in metabolic 
parameters between surviving and preterminal animals. At 
24 hours, REEs were similar, regardless of dietary infusion 
(Fig 3) and were equivalent to presepsis REEs. When these 
data were analyzed as a function of survival, however, 
significant differences were demonstrated between survi- 
vors and preterminal animals. Surviving animals, regard- 
less of their dietary infusion, were hypermetabolic 
(REE =160 keal/kg/day), while preterminal animals were 
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Fig 6.—Effect of sepsis on fat oxidation/synthesis. Surviving ani- 
mals that received hypercaloric glucose synthesized fat, while 
animals that received lipids oxidized fat (P<.02). Preterminal ani- 
mals failed to exhibit similar response. 





Table 2.—Metabolic Response of Animals With Sepsis at 
24 Hours 











Dietary Infusion 








Characteristic* 


| No. of animals 
Initial 






Glucose Glucose and Lipid 






24-hr survival, % 83 
48-hr survival, % 58 46 











REE, kcal/kg/day 141+16 134+11 
Caloric intusicn, kcal/REE 2.07 + 0.29 1.94+0.25 
RQ 1.20+0.08 0.96 + 0.04t 
Carbohydrate oxidized, g/day 10.6+1.6 4.7+0.9t 
Fat oxidized, g/day -1.9+0.5 0.4+0.4ł 
Protein oxidized, g/day 1.2+6 1.4+0.4 
-N balance, mg/day 119+25 78+24 





*REE indicates resting energy expenditure: RQ, respiratory quotient; and 
N, nitrogen. All values except for 48-hour survival and number of animals 
were measured at 24 hours. 

TP<.01 by unpaired. two-tailed Student's t test. 


severely hypometabelic (REE = 100 keal/kg/day) (P<.01). 
Ten of the 13 surviving animals were hypermetabolic at 24 
hours, while only one of the eight preterminal animals was 
hypermetabolic (Fig 4; P<.05 by x? analysis). Of the 11 
hypermetaboiic animals, ten survived, while, of the nine 
hypometabolic animals, only three survived. Surviving 
animals demonstrated a mean increase of 15% in REE from 
presepsis levels, while the REE of preterminal animals 


- decreased by 22%. The dietary infusion did not significantly 


alter these results. 

The respiratory quotient in preterminal animals approxi- 
mated 1.0, regardless of the dietary infusion (Fig 5), while 
the RQ in surviving animals varied, depending on the 
exogenous substrate supply (>1 for glucose and <1 for lipid 


_ plus glucose). These RQs were obtained while preterminal 
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Fig 7.—Carbohydrate oxidation in animals with sepsis. Surviving 
animas that received glucose oxidized significantly more glucose 
than those that received mixed substrates (P<.01). Preterminal 
animais oxidized similar quantities of carbohydrate regardless of 
dietary infusion. 


animals were receiving 250% of their REE, while survivors 
were receiving approximately 160% of their REE (the total 
numbers of calories were equivalent, but REE was lower in 
preterminal animals). 

Substrate utilization patterns are shown in Figs 6 and 7. 
Surviving animals oxidized fat if their non-nitrogenous 
caloric infusion included lipid, and they synthesized fat if 
their dietary infusion was limited to hypercalorie carbohy- 
drates (Fig 6). In contrast, preterminal animals did not 
alter this fat utilization pattern in response to substrate 
supply and synthesized similar quantities of lipid despite 
receiving different caloric sources. Surviving animals that 
received glucose-based solutions oxidized 12 g/day of carbo- 
hydrate, while surviving animals that received mixed sub- 
strates oxidized only 5 g/day (P<.01) (Fig 7). In contrast, 
preterminal animals oxidized similar quantities of carbohy- 
drate (5 g) regardless of dietary infusion. Surviving animals 
oxidized approximately 70% of the infused carbohydrate, 
regardless of the quantity of glucose that was administered, 
while preterminal animals oxidized approximately 50% (not 
signif cant, Fig 2). 


COMMENT 


Metabolic responses to sepsis and/or injury are depen- 
dent cn a number of factors, including the nutritional state 
of the organism,” the hormonal milieu,” and the stage of 
illness during which the animal is studied.” As shown by 
many investigators, severely injured patients are hyper- 
metabolic, as is manifested by increased oxygen consump- 
tion and CO, production.*" These findings are not, however, 
universal. Some studies have failed to show similar hyper- 
metabolic responses in injured patients with sepsis.“ 
These differences reflect the spectrum of metabolic de- 
rangements that are ebserved in critically ill patients. 
Patierts who are approaching death have progressively 
more severe metabolic abnormalities, including a decreased 
oxygen consumption index,” decreased clearance of triglyc- 
erides, increased autocannibalism,” and decreased hepatic 
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mitochondrial activity.” These derangements are variable 
and reflect the magnitude of the response to injury and 
sepsis. 

The data from this study indicate that even in a homoge- 
neous population that is made septic with a reproducible 
model, there are significant differences in the observed 
metabolic responses. Animals whose levels are measured 24 
hours following the induction of sepsis demonstrate REEs 
that are equal to those of animals that do not have sepsis 
and, as a population, would appear normometabolic. How- 
ever, when animals are grouped according to the eventual 
outcome, there are significant differences in the metabolic 
rate between surviving and preterminal animals. It is 
possible that variability in the results of previous clinical 
studies may relate to the heterogeneity of the populations 
with respect to the stage of illness (ie, early sepsis vs the 
recovery phase vs the preterminal phase). The response to 
sepsis is not static, and a range of metabolic alterations, 
from the severely hypermetabolic (perhaps in the flow 
phase) to the severely hypometabolic (when a patient is 
preterminal), would be possible.” Single measurements of 
metabolic parameters are inadequate to determine the 
actual metabolic state of a patient. For example, a normal 
REE at a single point in time may imply minimal stress and 
a good prognasis or, conversely, major stress, with hyper- 
metabolism progressing to preterminal hypometabolism 
and a grave prognosis. In contrast, multiple measurements 
may actually help identify and/or predict a progression or 
resolution of the disease process. 

Similarly, the ability to utilize exogenous and endogenous 
substrates may be affected by the metabolic state of the 
host. Studies that evaluated carbohydrate and lipid oxida- 
tion in sepsis obtained variable results.” These differ- 
ences may have been secondary to differences in the models 
used, different quantities or types of substrates that were 
infused, or, as shown in this study, the determination of 
substrate utilization at different stages in the illness. A 
number of studies have shown that patients and animals 
with sepsis preferentially oxidize lipids, as shown by RQs 
that are less than 1.0, despite the fact that they received 
hypercaloric carbohydrate infusions.“ Similarly, studies 
have shown an improved nitrogen balance in rats with sepsis 
when lipids were infused concurrently with carbohydrates 
and amino acids. In contrast, other investigators have 
shown an inability of animals with sepsis to appropriately 
oxidize lipids and found no improvement in nitrogen reten- 
tion with lipid infusions.”* 

In this consistent model of sepsis/injury, RQs that were 


a 


measured 24 hours after the initiation of sepsis revealed an 
appropriate alteration in the response to infused sub- 
strates; animals that were infused with hypercaloric carbo- 
hydrates oxidized glucose and synthesized fat, while ani- 
mals that were infused with mixed substrates oxidized less 
glucose and also oxidized fat. After we grouped animals 
according to outcome, it appears that preterminal animals 
did not appropriately alter their substrate utilization pat- 
tern in response to the composition of the substrate infu- 
sion. Regardless of the type of substrate supplied, preter- 
minal animals oxidized similar quantities of glucose and 
lipid. In contrast, surviving animals appropriately altered 
their metabolic processes and effectively utilized whichever 
substrates were supplied. It therefore appears that the 
stage within the disease process of the animal will influence 
the overall metabolic status and may alter the ability to 
appropriately metabolize exogenous substrates. 

The ability to respond appropriately to an infused sub- 
strate appears to reflect the severity of illness in the host. It 
may therefore be beneficial to carefully monitor the meta- 
bolic state of patients with sepsis and modify the metabolic 
support accordingly.” Repeated calculations of substrate 
utilization patterns from the RQ and nitrogen balance 
permits a tailoring of the exogenous substrate prefile to 
ongoing substrate utilization. 

These metabolic parameters may also be of potential use 
as predictors of mortality. As described by Siegel et al,” 
patients with sepsis can often be classified as to whether 
their response is “balanced” or “unbalanced” on the basis of 
contractility, vascular tone, and oxygen consumption. 
Plasma levels of lactate, methionine, tyrosine, tryptophan, 
and proline are also useful in determining the severity of the 
insult. The data from this study imply that a hyper- 
metabolic response is associated with an improved outcome 
and that a hypometabolic response is associated with a poor 
outcome. Although it is possible that animals that were 
hypometabolic at 24 hours had had a previous transient 
period of hypermetabolism that they were unable to sus- 
tain, the absence or premature termination of this hyper- 
metabolism was clearly a bad prognostic sign. A rapid 
change (increase or decrease) in the metabolie rate of a 
patient with sepsis should alert the clinician to the pos- 
sibility of a major alteration in the overall clinical status of 
the patient. 


This study was supported in part by National Cancer Institute grant 
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grant from McGaw Laboratories. 
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Discussion 


Joser E. Fiscxer, MD, Cincinnati: This study once again 
addresses the issue of sepsis and various sepsis models. The 
authors used a cecal ligation technique in a somewhat different 
strain of animal than we are accustomed to and separated the 
animals into two different groups based on their REE and their 
utilization and on whether cr not they survived 24 or 48 hours. 

Essentially what they found is that animals that are moribund 
have a fixed substrate utilization pattern. This confirms the 
findings largely of Drs John Kinney, Jeff Askanazi, and others, who 
have shown quite conelusively that the administration of fat to 
patients with overwhelming sepsis who are dying fails to suppress 
gluconeogenesis and that the administration of glucose to patients 
who are dying fails to suppress lipolysis, which indicates that these 
patients have a fixed metabolic pattern with which they do not 
adapt to exogenous substrates. 

In a study by George Clowes, MD, it was suggested tantalizingly 
that, in patients who are going to die of sepsis, the administration 
of exogenous amino acids does not modify their proteolytic drive; 
however, the autaor has some additional data to present later on 
this year. 

My main questions that concern this paper deal with technique 
and with some of the conclusions. We have not been able to get 
animals with a ceeal ligation and puncture to survive more than 24 
hours, nor have we been able to initially give them such high values 
of carbohydrate and glucose. It may be strain differences. It may 
be the single puncture vs the double puncture that we use. I do not 
know what the size of the rats is, and that also may have something 
to do with the differenees. The urine outputs at hand are 
negligible, and some calculations that are based on urine output at 
hand really are unreliable because of a low glomerular filtration 
rate, especially in premorbid animals. Therefore, I would like to 
know a little more about how much urine these animals put out and 
how much fluid you used for resuscitation. If you used the latter 
fluid for resuscitation, did the animals become edematous in the 
very severe model? 

The RQs in the animals that did survive as a whole was 0.96. That 
to me is not a measure of any fatty acid oxidation but generally 
reflects the fact that, although the animals that did not survive 
were unable to adjust, the animals on the whole that did survive 
probably did not utilize much fat. 

In your calculatiens in Fig 6, in which you showed lipogenesis 
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below the line and fatty acid oxidation above the line, was the 
amount that you calculated for fatty oxidation significantly differ- 
ent from zero? I would suspect that with the SEs it is not, so, in 
fact, we have a paradox here—the animals to whom you gave only 
glucose were in lipogenesis, and the animals you gave fat to were 
utilizing the glucose, but they were utilizing glucose almost 
entirely; the one thing the fat did was to enable them to use the 
glucose. I believe if you went over your data to see whether it is 
statistically significantly different from zero, I would bet that 
those animals were not oxidizing the fat at all. 

STANLEY LEVENSON, MD, Bronx, NY: What was the environ- 
mental temperature and humidity? This is critical data that needs 
to be provided when measurements of metabolic rates are re- 
ported. 

Also, what was the core temperature of the animals? Could you 
have learned just as much, in terms of whether an animal was going 
to live or die, by assessing the core temperature? 

Rosert A. Forse, MD, Montreal: This is an interesting study. I 
have a methodology question. Are your RQs corrected for nonpro- 
tein? Before you can make assumptions about the amount of fat 
oxidation and carbohydrate, that has to be clear. 

In relation to Dr Fischer’s comments, I wonder if you correlated 
your glucose oxidation to the degree of hypermetabolism. 

Dr FrRrep: I would like to thank all the discussants for their 
comments. In response to Dr Fischer, certainly, the number of 
punctures in the cecum affects survival” and may account for some 
of the differences between studies. Our animals weighed approx- 
imately 200 g, received 48 mL of fluid per 10.8 kg (24 lb), and 
averaged urine outputs of 10 to 20 mL/day. We did not provide any 
additional resuscitation fluids postoperatively. Animals did not 
appear grossly edematous although there was some fluid accumu- 
lation in their peritoneal cavities. In Fig 6, fatty acid oxidation was 
not significantly different from zero but did differ significantly 
from the quantity of fat synthesized in surviving animals receiving 
glucose. 

In answer to Dr Levenson, all animals were kept at room 
temperature (23 °C) with a continuous flow of room air infused by 
the metabolic measuring cart. We did not measure core tempera- 
tures. 

In response to Dr Forse, reported RQs are nonprotein RQs and 
we did not correct glucose oxidation to the metabolic rate. 
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z Both Inflammatory and Endocrine Mediators 
Stimulate Host Responses to Sepsis 


James M. Watters, MD, FRCS(C); Palmer Q. Bessey, MD; Charles A. Dinarello, MD; 


Sheldon M. Wolff, MD; Douglas W. Wilmore, MD 


è Host responses to sepsis and trauma are complex and 
their mediators are not well understood. To examine the roles 
of ‘“endocrne”’ and “inflammatory” mediators, we studied 
healthy volunteers in four experimental groups: continuous 
72-hour infusion of normal saline; continuous 72-hour infu- 
sion of hydrecortisone, glucagon, and epinephrine; daily 
intramuscular injection of the inflammatory agent etiocholan- 
olone; and combined etiocholanolone injection—hormone in- 
fusion. In thismmodel hypermetabolism, hyperglycemia, hyper- 
insulinemia, insulin resistance, negative nitrogen balance, 
and accelerated protein flux were mediated predominantly by 
infusion of the counterregulatory hormones. Etiocholanolone 
injection resu'ted in fever, acute-phase—protein synthesis, and 
hypoterrermia. Leukocyte, temperature, and C-reactive—protein 
responsesrefiected major interactions between these stimuli. 
Both inflammatory and endocrine mediators are necessary for 
the complete manifestation of host responses to critical ill- 
ness. 

(Arch Surg 1986;121:179-190) 


he mediators responsible for the metabolic changes of 

critical ilness are incompletely understood, yet such 
knowledge is fundamental to the continued development of 
rational and specific therapies. “Endocrine,” “mflamma- 
tory,” and immunologic mediators are altered in septic 
patients, 5ut the complexity of metabolic regulation, super- 
imposed en nost factors, preexisting diseases, and treat- 
ment varzables, does not allow specific cause-effect rela- 
tionships to de established. We have studied the metabolic 
effects of Jefined stimuli in healthy young subjects to avoid 
such complexity and to allow the evaluation of the separate 
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and interacting roles of specific host regulatory systems. To 
mimic the endocrine environment of critical illness, we 
infused three “stress” hormones-hydrocortisone, glucagon, 
and epinephrine-at rates that have been demonstrated to 
achieve plasma levels typical of moderate sepsis or 
trauma.’” To induce inflammation and accompanying sys- 
temic responses, we injected etiocholanolone, a naturally 
occurring pyrogen, intramuscularly.’ Some components of 
the integrated host response to sepsis were mimicked by 
hormone infusion and others by etiocholanolone in, ection. 
Additional responses reflected interactions between these 
stimuli. 


MATERIALS AND METHODS 
Subjects 


Six male subjects, with no known illnesses and judgec healthy 
by medical history and examination, screening bloodwork, and 
exereise electrocardiogram, participated in this study. Written, 
informed consent was obtained from all subjects prior te entry in 
the study. Nine subjects had been studied in a previous protocol 
that was identical to the present one except that no inflammatory 
agents were given. The results of the earlier study have been 
presented in full’ and a portion of the data is provided for 
comparison. 


Study Design 


The study protocol was reviewed and approved by the Commit- 
tee for the Protection of Human Subjects of the Brigham and 
Women’s Hospital, Boston. Each subject completed twe four-day 
studies, conducted in the hospital’s Clinical Research Center. The 
order in which the studies were carried out was determined by 
balanced assignment. At least three weeks were allowed between 
studies in an individual. The subjects ate a constant diet, provided 
as three meals and a snack daily, that was calculated to provide 
30 kcal/kg of body weight per day and protein measuring 1 g/kg/day. 
They were limited to usual ward activity. A peripheral intravenous 
infusion was begun on the morning of day 1 and was continued until 
the end of the study on day 4: during one study period the infusion 
contained the three stress hormones, and during the control period 
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it contained normal saline. Etiocholanolone, 0.10 mg/kg in pro- 
pylene glycol, was injected intramuscularly each day at 6 pM, as 
described previously.* The systemic responses to the inflammation 
induced by etiocholanolone have been discussed previously.*“ 


Study Infusions 


The composition of the solutions has been described in detail.' 
The infusion rate was 0.714 mL/kg/hr. The combined hormone 
infusion provided dosages of hydrocortisone sodium succinate 
(2.3 g/kg/min), glucagon hydrochloride (3.0 ng/kg/min), and epi- 
nephrine hydrochloride (30 ng/kg/min) in normal saline. Human 
serum albumin, 1.5 g, and ascorbic acid, 500 mg, were added to 
each 500-mL container of both the hormone and control solutions. 
The solutions were prepared twice daily and refrigerated. 


Measurements 


The subjects were weighed at 6:30 am each morning. Vital signs, 
including rectal temperature, were recorded every three hours 
throughout the day. Each subject used one thermometer during 
both studies. Respiratory gas exchange was measured under basal 
conditions at 7 AM and at 4 Pm daily, using a metabolic cart witha 
valved mouthpiece to collect expired gas for 12-minute periods.’ 
Peripheral blood was drawn at 7:30 am and 4:30 pM daily to obtain 
values for hemoglobin, white blood cell count (WBC), differential 
count, electrolytes, serum urea nitrogen, creatinine, serum glu- 
cose and insulin, and plasma glucagon and catecholamines.’ Blood 
for serum iron, zinc, C-reactive protein (CRP), and plasma activity 
of interleukin-1/lymphocyte-activating factor (IL-1/LAF) was also 
obtained each morning.*” 

All urine and stools were collected. Pooled 24-hour urine collec- 
tions were analyzed for values of total nitrogen, urea nitrogen, 
ammonia, creatinine, and glucose. Total nitrogen was determined 
in pooled 72-hour stool specimens. Duplicate meals were prepared 
on the second day of each study period and analyzed for nitrogen 
content. Nitrogen balance was calculated as the difference be- 
tween dietary intake and urine-and-stool output. Nitrogen balance 
was calculated twice, using both measured stool losses and, 
because of the variability of stool losses during a study of this short 
duration, an estimate of stool nitrogen losses of 1.3 g/day. Rates of 
nitrogen turnover, synthesis, and catabolism were calculated from 
measurements of the “N-nitrogen enrichment of urinary urea by 
oral ®N-glycine (0.5 mg/kg/3 hr) and nitrogen intake and output, as 
previously described.*’ 

Two-hour, euglycemic, insulin-clamp and forearm-substrate- 
flux studies were carried out on the last morning of each study 
period.'* Briefly, a fixed level of hyperinsulinemia was achieved 
and maintained by a primed constant infusion of insulin 
(80 mU/sq m/min). Euglycemia (approximately 95 mg/dL) was 
maintained by a variable infusion of 20% dextrose, regulated 
according to plasma glucose values determined every ten minutes. 
The rate of dextrose infusion was calculated using an algorithm 
stored in a programmable calculator. A steady state was ap- 
proached during the last 50 minutes and the rate of glucose infusion 
during this period, corrected for endogenous glucose production, 
reflected the rate of whole-body, insulin-mediated glucose 
disposal. Arterialized venous blood was sampled using the heated 
hand technique, and deep venous blood obtained from a retrograde 
antecubital catheter. Forearm blood flow was measured by venous- 
occlusion-capacitance plethysmography and forearm substrate 
flux calculated as the product of arterialized venous—deep venous 
blood concentration difference and forearm blood flow. 


Data Analysis 


All data from the previous and present studies’* have been 
combined for this analysis. Two groups of subjects were each 
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Table 1.—Subject Data* 







Control Etiocholanolone 

Studies Studies 
Age, yr 33+2 31+2 
Hesght, cm 180.34+2.54 182.88 + 2.54 









First am weight, kg 
Saline 


Hormones 


Weght gain, kg 
Saline 


Hormones 


Body surface area, sq mt 
Saline 






76.1+4.1 
75.6+3.9 


75.5+4.1 
76.2+4.6 
















1.94 +0.05 1.97 +0.07 


*Values expressed as mean + SEM. 
tCaleulated as height (cm)®7?5 x first am weight (kg)°45 x 0.007184. 
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Fig 1.—Rectal temperature. Solid line and closed circles indicate 
saline infusion; solid line and closed squares, etiocholanolone 
injectiom; dashed line and open circles, hormone infusion; and 
dashed lime and open squares, combined etiocholanolone injec- 
tion—hormone infusion; and arrows, time of etiocholanolone injec- 
tion. 


studied under two experimental conditions. One group received 
daily etiocholanolone injections while the other did not; each group 
was studied during infusion of normal saline for four days and again 
during eombined hormone infusion. Thus there are four experi- 
mental groups described: saline infusion, hormone infusion, etio- 
cholanobbne injection, and combined etiocholanolone injection- 
hormone infusion. Paired analysis of these groups has been made 
previously, to examine the metabolic effects of hormone infusion 
alone and of etiocholanolone injection alone, in comparison with 
saline ecntrols.'* Both paired and nonpaired Student’s t tests and 
linear regression techniques were used when appropriate for 
statistical comparison. In addition, the statistical analysis utilized 
the method of repeated measures of analysis of variance to deter- 
mine the contributions of each of the experimental manipulations 
to the responses observed. This approach was selected to describe 
the effeczs of and the interactions between stimuli (etiocholanolone 
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injection and hormone infusion) while accounting for the variation 
within the deta Zor individual subjects and time. All independent 
variables exeept the subjects were designated as fixed effects, 
while the sutjects were designated as random effects. The depen- 
dent variables studied in this manner were body temperature, 
WBC count, metabolic rate, plasma glucose level, and plasma 
concentrations of cortisol, glucagon, and epinephrine. The inde- 
pendent varmbies were etiocholanolone injection (yes/no), hor- 
mone infusion (yes/no), time of day (AM/PM, except body tempera- 
ture for whieh “our daily measurements were analyzed), day of 
study, and subject. In addition, all interactions among allindepen- 
dent variables (except subjects) were included in the model. A 
second set of analyses was done to test for differences in baseline 
values between subject groups. This model included only etiecho- 
lanolone injection (yes/no), hormone infusion (yes/no), synergistic 
interaction ef hormone infusion and etiocholanolone injection 
(yes/no), and subjects as independent variables. 

Thus significant relationships between dependent andindepen- 
dent variables were described statistically in terms of theeffeets of 
etiocholanolane injection with or without hormone infusion, hor- 
mone infusion with or without etiocholanolone injection, syner- 
gistic etioehalanolone—hormone interaction, day of study,and time 
of day, with adjustments made for the variation of measurements 
from individual subjects. All measurements taken at time 0 were 
evaluated for differences between the two subject groups. Treat- 


Table 2—Temperature, Heart Rate, and Blood Pressure* 


Etiocho- 
lanolone 
Injection- 
Hormone 
infusion 


Etiocho- 
lanolone 


Injection 


Hormone 
Infusion 


Saline 
infusion 


Peak recta’ 


temperature, °C 37.4+0.1 37.4+0.1 38.3+0.2 375+0.1 


120+1 
74+1 


127+2 
72+1 


110+1 
Diastolic 71+1 
*Values expressed as mean+ SEM. 


Etiocholanolone 


Dependent Variables Injection 























.019 (7.10) NS 
White bloed call count <,0001 (38.00) <.0001 (275.41) 
Metabolic rate NS .0809 (18.38) 
Concentrations of 
Serum glucose NS <.0001 (144.08) 
Plasmasglusagon NS <.0@01 (45.94) 
Serum eortso!l NS <,0001 (131.54) 
Plasmavepinephrine Il <.0001 (100.01) 


Table 3.—Relationships Between Some Dependent and Independent Variables 


independent Variables, P Values (F Values)* 


Hormone Infusion 









ment responses (taken as the measurements of the dependent 
variables from the initiation of treatment until the end of the study) 
were then assessed using both absolute values and log transforms 
of the dependent variables. Because of the general agreement 
between these two approaches, only the results obtained from 
evaluation of the absolute values are reported. Three hundred 
ninety body temperature measurements, 90 determinations of 
daily nitrogen balance, and 210 measurements of most other 
dependent variables were analyzed using a standard statistical 
software package on a computer. 

The data from all studies have been reduced for presentation in 
tables and figures to reflect the four study groups (saline infusion, 
hormone infusion, etiocholanolone injection, and combined etio- 
cholanolone injection-hormone infusion), and are expressed as 
mean + SEM. 


RESULTS 
Clinical Results 


The subjects were within 10% of ideal body weight (Table 
1) and were similar to those studied in the earlier protocol.’ 
There were no differences in baseline measurements be- 
tween the two subject groups, and all initial values were 
within normal limits. No complications or untoward effects 
occurred during these studies. Etiocholanolone injection 
resulted in inflammation at the injection site, which 
was maximal about 12 hours postinjection and generally 
resolved by 24 hours. Some subjects described chills, 
headache, malaise, and anorexia accompanying the fever. 
Hormone infusion was associated with a fine tremor and 
palpitations early in the period of study in some subjects. 
Discomfort at the etiocholanolone injection sites was less 
marked during concomitant hormone infusion than with 
saline infusion. Etiocholanolone injection resulted in ele- 
vated body temperature, a response which appeared to be 
more prominent after the second and third injections (Fig 1) 
(Table 2). Hormone infusion alone did not elevate body 
temperature but the febrile response to etiocholanolone 
was attenuated by hormone infusion (Table 3). Heart rate 
inereased with etiocholanolone injection and with hormone 
infusion (both P<.001), but the effect was not additive 


























Combined 
Etiocholanolone 
Injection- 
Hormone Infusion Time of Dayt Day of Studyt 
005 (11.43) <.0001 (10.11) NS 
<.0001 (24.48) 0008 (6.11) 
NS <,0001 (29.31) NS 
NS NS <.0001 (10.46) 
NS NS NS 
NS § NS 
NS NS NS 





*Variation between subjects was greater than variation within subjects in all cases (P<.0003). NS indicates not significant. 


+Body temperature measured four times daily, AM Or PM. 


Body tempərature decreased gradually during hormone infusion (P<.02) and increased following etiocholanolone injection (P<.01). 
§Significant{P<.006) during hormone infusion or when log serum cortisol was evaluated. 


|P<.07; significant (P<.005) when log plasma epinephrine was evaluated. 
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during combined etiecholanolone injection—hormone infu- 
sion. Systolic blood pressure was increased by etiocho- 
lanolone injection and by hormone infusion (both values, 
P<.001), but when changes from pretreatment values were 
analyzed only the hormone effect was observed (P<.001). 
Diastolic blood pressure did not change significantly in any 
study period. Body weight increased slightly with time 
from the start of the studies and was increased by hormone 
infusion (both values, P<.001), but was unaltered by etio- 
cholanolone injection (Table 1). The increase in weight with 
hormone infusion was attenuated by concomitant etiocho- 
lanolone injeetion (P<.001). 


Table 4.—Basal Respiratory Gas Exchange: Days 2, 3, and 4* 


Etiocho- 

lanolone 

Etiocho- Injection- 

Saline Hormone lanolone Hormone 


infusion Infusion Injection Infusion 









Oxygen 
consumption, 
mL/min 


Carbon 
dioxide 
production, 
mL/min 

Metabolic 
rate, 
kcal/sq m/hr 


Respiratory 
quotient 


215+6 259+8 234+ 11 275+10 


186+5 216+6 189+8 208+9 


32.1+0.6 38.4+0.8 34.1+1.1 39.8+1.2 


0.87 +0.01 0.84+0.01 
*Values expressed as mean + SEM. 


0.81+0.01 0.76+0.02 


Fig 2.—Metabolic rate. Solid line and closed circles indicate saline 
infusion; solid line and closed squares, etiocholanolone injection; 
dashed line and open circles, hormone infusion; and dashed line 
and open squares, combined etiocholanolone injection—hormone 
infusion. 
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Respiratory Gas Exchange 


Minute ventilation was increased by etiocholanolone in- 
jection and by hormone infusion and was greater in the 
afternoon compared with early morning measurements (all 
values, P<.001) (Table 4). Oxygen consumption and carbon 
dioxide production were increased by hormone infusion 
(both values, P<.001), were unaltered by etiocholanolone 
injection, and were greater when measured in the afternoon 
(P<.DD. Metabolic rate was increased approximately 16% 
to 20% by hormone infusion (P<.001) (Fig 2). Etiocho- 
lanolene injection did not increase metabolic rate, which 
was ower in the early morning than in the afternoon 
(P<.)01). Respiratory quotient decreased in response to 
etiocholanolone injection (P<.001) and hormone infusion 
(P<.965). 


Hematology 


Hemoglobin concentration decreased moderately with 
time during the studies and in response to hormone infusion 
(both values, P<.001) (Table 5). The WBC increased in 
respcnse to etiocholanolone injection and to hormone infu- 
sion (Fig 3) (both values, P<.0001). The two stimuli had an 
additive effect when administered together. The WBC also 
varied with time of day and gradually fell with time during 
the studies (both values, P<.001). 


Blood Chemistry 


The serum glucose level increased markedly in response 
to hormone infusion and decreased slightly with time 
during the study (Fig 4) (both values, P<.0001). Etiocho- 
lanolene injection had no effect on blood glucose concentra- 
tion. The serum insulin level was elevated in response to 


Fig 3.—White blood cell count. Solid line and closed circles indicate 
saline infusion; solid line and closed squares, etiocholanolone 
injection; dashed line and open circles, hormone infusion; and 
dashed line and open squares, combined etiocholanolone injec- 
tion—rormone infusion; and arrows, time of etiocholanolone injec- 
tion. 
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hormone infusion (P<.001) and was unaltered by etiocho- 
lanolone in: ection. 

The serum cortisol level was unaltered by etiochalanolone 
injection, and variation with time of day was observed (Fig 
5). Hormone infusion increased cortisol and epinephrine 
levels (both values, P<.0001). Etiocholanolone injection 
appeared te be associated with a minor increase in plasma 
epinephrine (approximately 19 pg/mL). Plasma norepineph- 
rine values were unaltered by hormone infusion oretiocho- 
lanolone in ection. Plasma glucagon concentrations were 
not affected by etiocholanolone injection, but increased in 
response tc hermone infusion (P<.0001). 

The serum CRP level was increased markedly byetiocho- 
lanolone in ection (P<.001), but the increase was attenu- 
ated by concurrent hormone infusion (P<.001). In contrast, 
CRP was undetectable on day 4 of the studies of saline or 
hormone infusion alone. Concentrations of serum iron and 
serum zine decreased following etiocholanolone injection 


(both values, P<.01); these responses were not altered by 
hormone infusion. Plasma IL-1/LAF activity, expressed as 
stimulation index, was 1.5+0.3 prior to etiocholanolone 
injection and increased in response to etiocholanolone injec- 
tion alone (2.7+0.4; P<.05) and in combination with hor- 
mone infusion (4.2+1.0; P<.05). The serum creatinine level 
decreased from 6% to 10% with time during the studies 
(P<.01) and about 23% in response to hormone infusion 
(P<.001). The serum urea nitrogen level decreased simi- 
larly with time and in response to hormone infusion (both 
P<.001). The serum potassium level decreased with hor- 
mone infusion (P<.001) and with time (P<.05); the serum 
sodium level increased slightly during hormone infusion 
(P<.05). 


Urine Chemistry 


The calculated and measured nitrogen contents of the 
constant diets were similar in all studies (Table 6). Urinary 


Table 5.—Hematology and Blood Chemistry* 


Study Hours 


Etiacholanolone injection 
Hemogbbim, g/dL 


WBC, x 10%/cu mm 

Serum cortisol, g/dL 
Plasmaep nephrine, pg/mL 
Plasma noepinephrine, pg/mL 
Plasmaglucagon, pg/mL 
Serum nsin, U/mL 
Serum glueose, mg/dL 
Serum socium, mEq/L 
Serum dotassium, mEq/L 
Serum ror. pg/dL 

Serum zine, wg/dL 

Serum SRP, mg/dL 


Serum creatinine, mg/dL 


Serum urea nitrogen, mg/dL 


Etiecholamolane injection— 
hormone imfusion 
Hemeglabin, g/dL 


WBC. x103/cu mm 

Serum cartisol, g/dL 
Plasma epinephrine, pg/mL 
Plasma norepinephrine, pg/mL 
Plasma glucagon, pg/mL 
Serum insulin, U/mL 
Serum gituicose, mg/dL 
Serum sadium, mEq/L 
Serum potassium, mEq/L 
Serum iron, g/dL 

Serum zinc, g/dL 

Serum CRP, mg/dL 

Serum cæatinine, mg/dL 
Serum wea nitrogen, mg/dL 


0 


14.4+0.2 
6.9+0.5 
17+2 
41+11 
167+24 
63 + 20 
16+2 
88+2 
140+1 
4.3+0.1 
109+ 26 
92+6 
<0.6 
0.9+0.0 
12+1 


14.9+0.4 
6.9+0.5 
1§+3 
44+11 
186 + 26 
84+ 16 
17+5 
87+4 
140+1 
4.3+0.1 
122+ 23 
88+11 
<0.6 
0.9+0.1 
13+1 


24 


13.9+0.4 
9.4+0.9 
13+2 
46+15 
187 +23 
79+31 
20+3 
85+3 
140+1 
4.4+0.1 
58+ 11 
83+6 
<0.6 
0.8+0.0 
9+0 


13.4+0.3 
18.5+1.0 
41+4 
506 + 66 
175+42 
417+114 
32+5 
154+11 
139+ 1 
4.3+0.1 
37+7 
74+9 
<0.6 
0.7+0.0 
8+1 


32 


13.8+0.3 

8.0+0.7 
Le 

58 +31 

177+41 
107 +26 
21+3 
89+2 


13.1+0.3 
14.7+0.8 
37+3 
399 +71 
178+30 
294 +80 
43+14 
147+9 


48 


13.6+0.4 
10.7+0.8 
12+2 
37+13 
182+31 
84+25 
20+2 
89+2 
140+0 
4.2+0.1 
38+4 
73+4 
2.9+1.1 
0.8+0.0 
941 


12.8+0.3 
18.5+1.3 
39+4 
545+71 
219+87 
371+75 
33 +3 
133+5 
141+1 
4.2+0.1 
27+4 
68+8 
0.8+0.1 
0.7+0.0 
9+1 


56 


13.6 £0.3 
8.9+0.6 
10+1 
53 +23 
176 +31 
89 +17 
19+2 
87 +5 


12.9+0.4 
15.2+0.6 
40+4 
576 + 66 
179+39 
362+ 78 
44+12 
116+6 


12.3+0.3 
16.6+0.8 
3945 
483+7 
195+ 86 
327 +63 
25=6 
127+7 
142=1 
41=0.1 





*Values expressed as mean + SEM. Data for the saline and hormone infusion studies are from Bessey et al.! WBC indicates white blood cells; CRP, C-reactive 


protein. 
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Concentration, mg/dL 
Concentration, U/mL 


Time, hr 





Fig 4.—Serum levels of glucose (left) and insulin (right). Solid line 
and closed circles indicate saline infusion: solid line and closed 
Squares, etiocholanolone injection; dashed line and open circles, 
hormone infusion; and dashed line and open Squares, combined 
etiocholanolone injection—hormone infusion. 





È Fig 5.—Levels of serum cortisol (left), plasma glucagon (center), and plasma epinephrine (right). 

s Solid line and closed circles indicate saline infusion; solid line and closed squares, etiocholanolone 
SA injection; dashed line and open circles, hormone infusion; and dashed line and open squares, 
combined etiocholanolone injection—hormone infusion. 
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Table 6.—Urine Chemistry, Nitrogen Balance, 
and N Flux Data* 


Etiocho- 

lanolone 
Etiocho- Injection- 
lanolone Hormone 
Injection Infusion 


Saline 
Infusion 


12.4+0.7 


12.9+0.6 13.8+0.7 


14.8+0.9 15.6+0.7 


(estimated 
stool loss), 


11.4+0.6 
0.89+0.04 1.75+0.08 0.81+0.05 1.63+0.16 
1.9+0.1 


1.7+0.1 1.9+0.0 


17.5+3.5 05+0.1 135+1.9 


237+14 1382+12 255+15 


51.6+2.2 59.3+3.0 51.3+3.0 


grams ef nitrogen 
per day 


40.4+23 429+3.0 384+28 412+29 


catabolsm, 


Grams ef nitrogen 
per day 39.5+2.8 46.5+25 37.9+2.6 


*15N indicates enrichment of urea nitrogen by orally administered '°N 
glycine. Values expressed as mean+ SEM. 





nitrogen zomtent was increased by hormone infusion 
(P<.001) but was unaffected by etiocholanolone injection. 
The content of measured stool nitrogen was variabie and not 
significantly altered by hormone infusion or etiocholan- 
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12.9+0.6 


0.5+0.8 


typi: 
WH. 


13.8+0.7 
12.9+0.5 


Grams per Day 


Fig 6.—Nitrogen balance after saline infusion (top left), etiocholan- 
olone injection (top right), hormone infusion (bottom left), and 
combined etiocholanolone injection—hormone infusion (bottom 
right). 


olone injection. Using an estimate of stool nitrogen losses of 
1.3 g/day,’ nitrogen equilibrium was maintained during the 
periods of saline infusion and etiocholanolone injection (Fig 
6). Etiocholanolone injection was associated with a slightly 
positive nitrogen balance (1.1+0.5 g/day; P<.05) using 
measured stool losses. Estimated and measured nitrogen 
balances both became slightly less negative with time 
during the studies (both values, P<.05), were negative 
during hormone infusion (both values, P<.001), and were 
unaltered by etiocholanolone injection. When nitrogen 
measurements are corrected for body surface area, then the 
day of study becomes a statistically significant but minor 
predictor of urinary nitrogen (P<.05), tending to decrease 
nitrogen excretion; other relationships are unaltered. 
Urea was the major nitrogen compound in the urine, with 
its excretion increasing with hormone infusion (P<.001) 
and decreasing slightly with time during the studies 
(P<.01). The level of urinary urea was not altered by 
etiocholanolone injection. The level of urinary ammonia was 
also increased during hormone infusion (P<.001) and with 
time during the studies (P<.001). The urinary creatinine 
value was similar during all study periods. Urinary glucose 
and potassium values were increased markedly and the 
urinary sodium value decreased by hormone infusion 
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Saline Injection 





Basal 


Plasma glucose, mg/dL 94+2 
Serum insulin, wU/mL 8+1 
Whole blood alanine (uM/L) 268 + 28 
Whole blood glutamine (M/L) 545 + 28 
Forearm biood flow,+ 

mL/100 cu cm/min 3.1+0.3 
Glucose flux,t mg/100 cu cm/min 0.04+0.02 
Alanine flux,t .M/100 cu cm/min —0.10+0.05 
Glutamine flux, pM/100 cu em/min —0.13 +0.05 

Steady state 

Plasma glucose, mg/dL 92+1 
Serum insulin, pU/mL 182+ 18 
Forearm biood flow,t (mL/100 cu cm/min) 3.8+0.4 
Glucose flux,t mg/100 cu cm/min 1.03 + 0.09 


Whole-bocy glucose disposal, mg/kg/min 8.6+0.5 


*Values expressed as mean—SEM. 





tForearm blood flow and flux are expressed per 100 cu cm of forearm tissue. 


(P<.001), but all values were unaltered by etiocholanolone 
injection. 

Hormone infusion increased both protein flux (P<.05) 
and catabolism (P<.05), as determined by *N kinetics, 
while etiocholanolone injection had no effect. Protein syn- 
thesis was not significantly altered in any study period. 


Insulin Clamp and Forearm Substrate Flux 


Basal (ie, study day 4, prior to insulin infusion) plasma 
glucose and serum insulin values were markedly increased 
by hormone infusion (both values, P<.001) (Table 7 ). Basal 
forearm blood flow was increased both by etiocholanolone 
injection (P<.01) and by hormone infusion (P< .001). The 
basal arterial glutamine value was similar in all study 
groups; both etiocholanolone injection (P<.01) and hor- 
mone infusion (P<.05) decreased alanine concentrations. 
Basal forearm glucose flux was decreased slightly by com- 
bined hormone infusion—etiocholanolone injection (P<.05), 
Basal forearm glutamine flux was comparable in all groups; 
alanine efflux was increased by hormone infusion (P<.05). 
The value of steady-state serum insulin was lower in the 
etiocholanolone groups (P<.05) but was not altered by 
hormone infusion. Similar steady-state plasma glucose con- 
centrations were achieved in all study groups. Forearm 
blood flow during the steady-state period was increased 
both by hormone infusion and by etiocholanolone injection 
(both values, P<.001). Steady-state forearm glucose flux 
was decreased, and insulin-mediated, whole-body glucose 
disposal was markedly diminished by hormone infusion 
(both values, P<.001); neither was altered by etiocholan- 
olone injection. 


COMMENT 


The metabelic responses to sepsis and accidental injury 
are complex and the mediators responsible for the changes 
that occur have not been fully defined. The increased 
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133=4 97+2 136+4 
22 +3 4+1 22+5 
344 = 29 218+9 253 + 24 
569 = 28 589 + 26 542+21 
5.6=0.6 4.8+0.5 7.2+0.7 
0.12-0.03 0.07 +0.03 — 0.04 +0.07 
-0.23 = 0.06 —0.15+0.07 —0.38 +0.16 
— 0.09 +0.09 —0.15+0.11 —0.23+0.16 
93=>1 91+2 91+2 
174=13 147+13 137+4 
6.6 +0.4 6.0 +0.7 9.8 + 1.7 
0.48 +0.12 1.48 +0.43 0.47 +0.18 
3.2+0.5 8.3+1.2 3.6+0.3 








elaboration of a number of hormones, in particular cate- 
cholamines, cortisol, glucagon, and growth hormone, is 
characteristic following sepsis and trauma.*" In addition, 
recent studies have suggested that other circulating fac- 
tors, specifically interleukin-1 and related molecules, might 
play a major role in mediating host responses to critical 
illness.*” Mimicking the endocrine environment of critical 
illness in healthy subjects by infusing cortisol, glucagon, 
and epinephrine has been found to result in an increased 
metabolic rate, hyperglycemia, hyperinsulinemia, insulin 
resistance, accelerated nitrogen turnover, and a negative 
nitrogen balance.’ In subsequent studies fever, leukocyto- 
sis, hypoferremia, and increased circulating, acute-phase 
proteins were observed in volunteers injected in- 
tramuseularly with the inflammatory agent etiocholan- 
olone*; these responses occurred in the absence of endocrine 
changes or alterations in carbohydrate or protein metabo- 
lism. These studies indicate that distinct regulatory sys- 
tems mediate various eomponents of the integrated host 
response to sepsis and trauma. The purpose of this study 
was to examine interactions between the endocrine and 
inflammatory mediators of critical illness by studying the 
effects of combined triple-hormone infusion and etiocholan- 
olone injection in healthy volunteers and comparing them 
with those of the separate manipulations and of controls 
receiving only normal saline infusion. 

Etiecholanolone injection during saline infusion did not 
elicit clinically significant endocrine responses: the minor 
elevations in plasma epinephrine concentrations, compared 
with saline infusion alone, were within the normal range 
and below reported thresholds for metabolic and cardio- 
vascular effects.“ The infusion of cortisol, glucagon, and 
epinephrine, alone and in combination with etiocholanolone 
injection, achieved consistent elevation of plasma hormone 
levels comparable in magnitude with those observed follow- 
ing sepsis and trauma.*" The difference in the plasma levels 
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of glucagon during hormone infusion with and without 
etiochelanolone injection might reflect altered hormone 
distribution or clearance. Variations between the two 
groups of subjects, each of whom participated in paired 
studies, might also account for this difference in plasma 
hormone levels. 

Although subjective responses to etiocholanolone injec- 
tion were diminished during hormone infusion, the in- 
duction of systemic inflammatory mediators was probably 
comparable with and without hormone infusion. Fer exam- 
ple, plasma levels of IL-1/LAF activity were similarly 
elevated ir comparison with preinjection values, and a 
variety of systemic responses associated with inflammation 
were unaltered or enhanced when hormone infusion and 
etiocholanclone injection were combined. Thus, the four 
study groups (saline infusion, hormone infusion, etiocho- 
lanolene iajeztion, and combined etiocholanolone injec- 
tion-hormene infusion) provide a controlled, well-defined 
model for the study of the separate metabolic effects of 
endocrine and inflammatory mediators, as well as the 
interactiors between them. 

Within thedimits of this model, a number of responses can 
be attributed primarily to the systemic effects of inflamma- 
tion. Many af these responses presumably result from the 
induction of circulating interleukin-1 by etiocholanolone 
injection,* although other mediators are probably stimu- 
lated, eg, leakotrienes, prostaglandins, superoxide radi- 
cals, and kinins.” The fever accompanying the inflammation 
of etiocholanslone injection can be attributed to the “endog- 
enous pyrogen” activity of interleukin-1, acting to elevate 
hypethalamic temperature setpoint via stimulatien of pros- 
taglandin E, synthesis.” This febrile response was attenu- 
ated by hormone infusion, despite comparable circulating 
levels of IL-1/LAF activity. This might have resulted from 
corticosteroid inhibition of prostaglandin synthesis and/or 
cutaneeus vasodilation and accelerated heat transfer, which 
are also dueto cortisol infusion.” Thus, in this model, there 
was an imnibitory interaction between the febrile response 
to inflammation and the alterations in endocrine environ- 
ment resulting from the infusion of counterregulatory 
hormones. Wolff et al” observed no attenuation in the 
febrile response to etiocholanolone injection (0.3 mg/kg) 
given after five days of oral hydrocortisone therapy 
(100 mg/day).” This disparity might reflect the higher 
corticostereid dose and the lower etiocholanolone dose used 
in the present study. The minor increase in body tempera- 
ture during hormone infusion alone was associated with 
increased metabolic heat production and might also reflect 
altered heat transfer. 

In contrast to body temperature, the peripheral leuko- 
cyte response to etiocholanolone injection and to hormone 
infusion resulted from an additive interaction between 
these stimuli. Interleukin-1 (leukocyte endogenous medi- 
ator) is known to accelerate the release of granulocytes 
from bone marrow, and epinephrine is known to cause de- 
margination of leukocytes.*” The redistribution of trace 
metals, resulting in diminished serum levels of iron and 
zine, and the accelerated synthesis of acute-phase proteins, 
such as DRP, by the liver are also well-described responses 


Arch Surg—Vol 121, Feb 1986 


to interleukin-1." In this model the acute-phase-protein 
response to inflammation was attenuated by concomitant 
hormone infusion. Since circulating IL-1/LAF levels were 
comparable following etiocholanolone injection with and 
without hormone infusion, this attenuation implies an in- 
hibitory effect on the hepatic synthesis of acute-phase 
proteins, if comparable distribution space and peripheral 
clearance are assumed. 

Other responses observed in these studies were initiated 
primarily by infusion of the counterregulatory hormones. 
Alterations in respiratory gas exchange, specifically in- 
creased minute ventilation, oxygen consumption, carbon 
dioxide production, and metabolic rate, were due in large 
part to hormone infusion. Metabolic rate was raised from 
16% to 20% during hormone infusion, an increase compara- 
ble with that observed following long-bone fracture or small 
thermal injury. The effect of etiocholanolone injection on 
metabolic rate was negligible. There was no correlation 
between body temperature and oxygen consumption or 
metabolic rate in the groups receiving saline infusion with 
and without etiocholanolone injection, although the limited 
period of gas exchange measurement and its timing in 
relation to peak febrile responses might have masked sucha 
relationship. 

Similar to respiratory gas exchange, hormone infusion 
was the major determinant of alterations in carbonydrate 
metabolism and resulted in hyperglycemia, hyperinsulin- 
emia, and diminished tissue responsiveness to insulin. 
Hormone infusion has also been shown to cause aecelerated 
endogenous glucose production.’ Etiocholanolone injection 
was not associated with any alteration in blood glucose; 
serum insulin concentration, insulin-mediated glueose dis- 
posal, and urinary glucose concentration were also un- 
changed. 

Changes in nitrogen excretion and "N protein kinetics 
were determined primarily by hormone infusion. The only 
effect associated with etiocholanolone inject:om was a 
slightly positive nitrogen balance (1.1+0.5 g/day), when 
calculated using measured stool nitrogen excretion, which 
tended to be lower during the etiocholanolone studies. The 
use of an estimate of stool nitrogen might be more appropri- 
ate in a study of this short duration, with the calculation of 
nitrogen balance then resulting in the saline and etiocholan- 
olone groups both being in nitrogen equilibriam. This 
minimal response to inflammatory mediators contrasts 
with observations of accelerated in vitro proteolysis caused 
by a peptide isolated from the circulation of septic and 
injured patients (proteolysis-inducing factor), which is 
thought to be a fragment of interleukin-1.* This disparity 
might reflect the magnitude of the inflammatory stimulus 
and the levels of circulating interleukin-1 activity; however, 
the local and systemic responses to etiocholanelone in the 
subjects in this study were frequently of clinical magnitude 
and would be expected to be associated with catabolic 
responses in hospitalized patients. Little data is available 
regarding circulating levels and kinetics of interleukin-1 (or 
related molecules) in such patients, but at the level of 
inflammatory stimulus induced in the present study by 
etiocholanolone injection, nitrogen excretion was not in- 
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creased anc no interaction with hormone infusion was 
observed. The nitrogen losses observed in this study were 
modest in comparison to those in critically ill patients, 
despite achieving plasma hormone levels and observing 
other metabolic responses that were comparable in magni- 
tude with these following sepsis and trauma, eg, alterations 
in carbohydrate metabolism. These findings suggest that 
additional mediators or preexisting conditions are neces- 
sary to initiate the marked proteolysis that is characteristic 
of critical illress. 

Changes ir hemoglobin values were related to hormone 
infusion and to time during the study. The twice-daily blood 
drawing presumably accounted for the decrease in the 
hemoglobin level with time during each study. The weight 
gain and dim:nished urinary sodium excretion during hor- 
mone infusior reflect the infusion of hydrocortisone’ and are 
consistent wth an increase in total body water. Thus 
hemodilution likely contributed to the fall in hemoglobin 
during hormone infusion. Increased insensible fluid losses 
related to elevated body temperature during the etiocholan- 
olone studies might account for the lesser increase in body 
weight when hormone infusion and etiocholanolone injec- 
tion were combined. 

The metabciic responses to sepsis are complex and are 
determined by a variety of preexisting host factors as well 
as diagnostic and therapeutic interventions. They are medi- 
ated by a myriad of neural and humoral signals integrated in 
the central nervous system. Thus the peripheral intra- 
venous infusion of counterregulatory hormones and the in- 
duction of inflammation by etiocholanolone injection in 
healthy, adequately fed volunteers serve as limited models 
of the responses that occur in patients with sepsis. For 
example, the subjects did not experience periods of hy- 
poxia, hypoperfusion, er acidosis. N onetheless, the obser- 
vation of additive, inhibitory, and synergistic interactions 
between the stimuli in these studies demonstrates the 
complexity of host responses. Furthermore, previous stud- 
ies have shown that the three hormones interact and have 
nonadditive ef=ects when infused in combination.’? Such 
interactions suggest that attempts to block single host 
mediators in the clinical setting may yield unpredictable 





results until the mechanisms responsible for the metabolic 
alterations of critical illness are more fully defined. 

In the present study several components of the systemic 
response to sepsis were initiated solely by mediators associ- 
ated with the inflammatory response, while others were 
stimulated by the counterregulatory hormones. Thus, this 
study demonstrates that both inflammatory and endocrine 
mediators are necessary for the full manifestation of host 
responses to sepsis. Based on this model, “catabolic” re- 
sponses (eg, increased metabolic rate) and altered carbohy- 
drate and protein metabolism can be assigned provisionally 
to endocrine regulation, similarly, acute-phase responses 
(eg, fever), acute-phase—protein synthesis, and trace metal 
redistribution can be assigned to inflammatory mediators. 
There appear to be major and minor interactions between 
these regulatory systems, which have been described. The 
concept of distinct endocrine and inflammatory regulatory 
systems is supported by the observations of Kehlet et al.” 
who have studied the effect of epidural anesthesia on host 
responses to pelvic and lower abdominal surgery. Epidural 
anesthesia inhibited neuroendocrine responses to such sur- 
gery, prevented the usual hyperglycemia, and improved 
cumulative postoperative nitrogen balance; however, the 
epidural anesthesia did not alter acute-phase—protein re- 
sponses. Other investigators have described diminished 
increases in early postoperative oxygen consumption in 
patients receiving epidural anesthesia compared with pa- 
tients given conventional general anesthesia.” These com- 
plementary studies further support the hypothesis of multi- 
ple and distinct, but interacting, regulatory systems. These 
systems presumably have their own dose-response rela- 
tionships, and this study should serve as the basis for 
further studies evaluating these and other mediators at 
various dose or stimulus levels. 
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Discussion 


Grorc= H. A. CLowes, MD, Boston: I had the pleasure of 
discussing the preliminary report of this study within the past year 
and pointed out at zhat time that the response to infused hommones 
was very minor compared with what we would see in seriously 
infected patients. I think using the word sepsis for a situation 
where the fever rose above the circadian rhythm only once is 
inappropriate. 

In addition, nitrogen balance in a normal, fasted individual is 
still fairly high at the end of a couple of days—about —8 g. In 
contrast, the average value is about 15 g of negative nitrogen 
balance in fasted, septic patients. I agree that the insulin level 
tends to ke high in the septic patient but low in the shock patient to 
go with this high glucose value. That is just one part of the 
metabolie picture. The other is the relation of protein metabolism. 

There are low levels of amino acids in the blood of fasted, septic 
patients, but the production from the extremities is anywhere 
from three to four times as great, and the central uptake of amino 
acids is Significantly greater than in the normal, fasted state. In 
other words, it is a much more dramatic situation than what Dr 
Watters and colleagues have found. 

We hare measured the proteolysis-inducing activity titer of the 
4,000-daiton molecular weight material obtained from a patient’s 
plasma by chromatography. We have also analyzed the serum from 
some of the subjects of Dr Watters and co-workers, but the values 
were not as elevated as those observed in some septic patients. In 
other wards, the stimulus was not great enough to produce the 
changes in protein metabolism that we would anticipate in se- 
riously sick peopie. 

There is also a remarkable correlation of both clearance ef amino 
acids and peripheral protein breakdown when compared with the 
proteolysis-inducng factor titer. However, this correlation does 
not occu” for people who are going to die. 

I agree completely with what Dr Watters and co-workers said in 
their conclusion. It is obvious that the energy production section of 
the metebolic response to sepsis probably is mostly regulated by 
hormones, ie, counterregulatory hormones balanced against in- 
sulin, Protein synthesis or degradation is in greater measure 
regulated by what they call the inflammatory reaction, and the 
reason trey did not see more of it was that the stimulus was really 
not quite adequate to produce it. 

Joun R. Borper, MD, Buffalo: It seems to me that there is a 
basic problem with the model in that we are trying to infer from 
humorally adminstered catecholamines the effect of direct sympa- 
thetic innervation with local neurotransmitter release of cate- 
cholamiaes. I realize we cannot do better but, nonetheless, the 
extrapo.ation seems hazardous. 

The second basic problem relates to the lack of measurements of 
interleuxin-1. We do see some of the physiologic effects of in- 
terleukin-1, but this observation is no substitute for measurement 
of the active prineiple. We have no idea whether levels are achieved 
that are comparable with severely injured or septic patients. 

Interkukin-1 dearly modulates hypothalamic function by pro- 
ducing sever and does so probably by modulation of the ventro- 
medial aucleus ef the hypothalamus and subsequently enhanced 
sympathetic innervation of the heat disposal mechanisms in the 
skin. Tke question therefore arises: Can interleukin-1 induce not 
only its own effeets but also an enhancement of catabolic neuroen- 
docrine activity’ If this occurs, how is it related ta plasma 
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interleukin-1 activity? Are the levels achieved with etiocholanolone 
too small to produce this effect? It certainly appears logieal that 
high enough levels of interleukin-1 induce activity of the catabolic 
neuroendocrine system. The problem is that the same stimulus can 
induce both effects in parallel so that they are tightly associated in 
magnitude but not cause and effect. How do we distinguish 
between these two possibilities? I would wager at least a nickel 
that interleukin-1 directly enhances activity of the catabolic 
neuroendocrine system in some sort of concentration-related 
fashion. 

PauL R. SCHLOERB, MD, Rochester, NY: This study represents 
another classic example of dissection of the metabolic response to 
infection and trauma by a group that has developed these tech- 
niques very well. 

What actually does constitute an adequate stimulus to a stress 
response? Certainly the individual with multiple fractures from a 
motor vehicle accident is an example. We were impressed at 
Brigham and Women's Hospital years ago when, using methods far 
less refined than those reported today, the traumatic insertion of a 
nasogastric tube by a medical student was sufficient to activate 
adrenocortical secretion. 

What does constitute an adequate response? Appendicitis? Does 
it require perforation of the appendix? Does it require appendec- 
tomy plus appendicitis? Would the authors give us a little more 
information at the clinical level? 

J. WesLEY ALEXANDER, MD, Cincinnati: I wonder if the 
authors looked at another facet, namely, the influence of pros- 
taglandin pathway activity, the arachidonic-acid—pathway prod- 
uct. Did they obtain these values in their patients, or have they 
considered administering these compounds to further influence 
the hypermetabolic response? 

In addition, have the authors examined some of the peripheral 
activities of the hypermetabolism, namely, the effect on lympho- 
cyte activity numbers and subsets in their patients? 

DoxnaLrp E. Fry, MD, Cleveland: I would like to amplify one 
comment made by Dr Border. In experimental models it has been 
well demonstrated that the hypoferremic response of interleukin-1 
requires less concentration than the febrile response. That is to 
say, there is pretty good evidence to show that each of the very 
many functions of interleukin-l has somewhat of a dose-effect 
relationship. While this study is remarkable in terms of its sophisti- 
cation in studying people, I think one should not discard the idea 
that interleukin-1 causes proteolysis. I would rather suggest that 
there may be a very real dose-effect relationship. 

The authors have focused on hormonal and inflammatery re- 
sponses. When does sepsis become sepsis? To me, it has always 
been an oxygen metabolism event, so I am curious whether the 
authors have any evidence to show that there is increased venous 
saturation such that oxygen metabolism in these patients is altered 
in any way. I suspect it is not, and I think that what we have here is 
a re-creation of the initial stress response that is not really what 
many of us might refer to as a septic response. 

STANLEY LEVENSON, MD, Bronx, NY: I know Dr Watters and 
co-workers do not need any defense, but I must say that lam quite 
surprised at the comments by Drs Clowes, Border, and Fry. Dr 
Watters pointed out in the presentation that there is a dose 
response involved. You have to begin somewhere. As was pointed 
out by Dr Alexander, Dr Watters and co-workers were dealing with 
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healthy human volunteers, and it would be imprudent (and fool- 
hardy and unjustified) to begin with conditions that would mimic 
what we think of as serious sepsis. 

A specifie question for Dr Watters: since Dr Alexander asked 
about the lymphocytes, would you also tell us about the eosino- 
phils? I know you said the bulk of the increase in leukocytes was 
caused by an increase in neutrophils. It would be interesting to 
know what kappened to the eosinophils as well as the lymphocytes. 

ARTHUR D. Mason, MD, Fort Sam Houston, Tex: I do not know 
how to address the quantitative aspect of the stimulus in regard to 
mechanical trauma, but I believe we could make some comparison 
in terms of thermal trauma. In patients with burns that are not 
larger than 10% [total body surface], there is really very little 
metabolic response and relatively little hormonal response. Dr 
Watters, do you feel that there is a way in which the stimulus might 
be increase in normal patients, in good conscience? 

Basi, A. Prurrt, Jr, MD, Fort Sam Houston, Tex: If you 
postulate that the changes you have observed are due to in- 
terleukin-1, have you examined biopsy specimens taken from the 
site of etiocholanolone injection to count the neutrophils, lympho- 
cytes, or monocytes in that area and relate such to the physiologic 
alterations? 

Dr Warttzrs: A number of the discussants were concerned 
about the megnitude of the inflammatory stimulus achieved in the 
volunteers. The highest individual temperature observed was 
389°C (102 °F), and the highest white blood cell counts were in the 
range of 20,000/cu mm. When we gave the etiocholanolone injec- 
tions in the arms of some subjects, they initially required a sling 
because of the discomfort associated with the inflammation and 
they had a significantly limited range of movement. The local 
inflammatory response was largely resolved by 24 hours. We are of 
course very grateful to the subjects for continuing the studies and 
returning several weeks later to complete the second half of each 
study. On a number of occasions the house staff sought our 
permission te obtain blood cultures from the subjects, and on one 
occasion to carry out a lumbar puncture as well, despite knowing 
that the subjects had received a pyrogenic agent. It is apparent 
that on many occasions the subjects had what would ordinarily be 
considered clinical responses consistent with those of sepsis. 

In addition to clinical observations, we assessed plasma in- 
terleukin-1 aetivity utilizing the assay for lymphocyte-activating 
factor. We observed peaks of lymphocyte-activating—factor activity 
at approximetely 15,000 and 4,000 daltons of molecular weight, 
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corresponding to interleukin-1 and presumably to proteolysis- 
inducing factor. The activity was equal to and perhaps greater than 
that ebserved in limited numbers of infected patients and burned 
patients who have been studied using the assay. 

We cannot comment on the data alluded to by Dr Clowes 
concerning proteolysis-inducing-factor measurements in the se- 
rum ef these subjects, because this is the first occasion we have 
heard of these data. Coded samples were provided to Dr Clowes’ 
laboratory for analysis. The code has not been broken, and the 
samples, apparently, have not been fully analyzed. It is thus 
unknewn whether serum from control or experimental subjects 
has been analyzed to date, and it surely is too early to comment on 
the results until the data are fully available and decoded. 

Gn the basis of clinical responses and laboratory measurements, 
I think there is good evidence that we have achieved at least a 
moderate inflammatory stimulus in the subjects. 

We have been interested in studying responses to larger doses of 
etiocholanolone, but it is unlikely that the subjects would have 
tolerated being given larger doses at least on a repeated basis. We 
look forward very much to studies in which interleukin-1 or 
proteolysis-inducing factor is administered directly at a range of 
dose levels. Such studies would allow more direct causal rela- 
tionships between interleukin-1 administration and metabolic re- 
spouses, such as proteolysis, to be established or disproven. 

We were concerned, as were several of the discussants, about 
clinical correlates of this model, and we looked for a series of 
patients whose observed responses might correspond to those in 
the subjects in the present study. A number of years ago Coleman 
and Dubois (Arch Intern Med 1915;15:887-938) reported a series of 
patients with typhoid fever. The patients had somewhat higher 
bodr temperatures, and they received constant diets with slightly 
more calories and comparable nitrogen content than those in the 
present study. The nitrogen balances of the patients with typhoid 
fever and the subjects in this study were strikingly similar. 

This model system has inherent limitations. It would be very 
difficult to reproduce in healthy volunteers all the local and 
circulating metabolic regulators of sepsis, the sympathetic nervous 
system responses, and the complex function of the central nervous 
system during septic illness. Nonetheless, this model represents a 
first approximation of these responses in humans. We did not 
measure the concentrations of prostaglandins or related products. 
We čo not have detailed immunologic data, nor do we have data on 
eosinophils or venous oxygen saturation. 
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A Comparison of the Effects of Inspired Oxygen Concentration 


and Antibiotic Administration on In Vivo Bacterial Clearance 


David R. Knightən, MD; Betty Halliday; Thomas K. Hunt, MD 


e Since prophylactic antibiotics and changes in tissue par- 
tial pressure of oxygen may affect bacterial clearance by 
different mechanisms, we tested the effects of hypoxia, hyper- 
oxia, and normoxia with and without antibiotic administration 
on bacterial clearance. We found that improving tissue Oxy- 
genation by administration of normobaric oxygen decreased 
infectious necrosis as effectively as prophylactic antibiotic 
administration and that improved tissue oxygenation and 
antibiotic administration had an additive effect. We believe that 
a fraction of inspired oxygen of 45% should be added to 
prophyiactic antibiotics as standard perioperative and postop- 
erative care. 

(Arch Surg 1986;121:191-195) 


he administration of prophylactic antibiotics is an ac- 

cepted surgical practice based on the animal infection 
clearance studies of Burke.’ Subsequent clinical data on the 
effectiveness of prophylactic antibiotics have convincingly 
shown hat having antibiotics in the tissues prior to surgery 
significantly decreases wound infection rates.” 

Previously, we? demonstrated that changes in fraction of 
inspired oxygen (Fio,) acted in a manner similar to adminis- 
trationof prophylactic antibiotics in changing lesion size in 
the guinea pigskin injection model originally described by 
Burke and Miles.‘ Our previous study demonstrated that an 
Fio, of 12% resulted in a lesion of 4.3 mm, having the animals 
breathe room air (Fio,, 21%) resulted in a lesion of 2mm, and 
increasing the Fio, to 45% further decreased the lesion to 
1.3 mm. 
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Changing the Fio, from 45% to 12% at various intervals 
during the experiment mimicked the changes in lesion size 
seen by Burke’ when administration of antibiotics was 
delayed. Exposing the animals to 45% oxygen for 1% hours 
followed by 12% for 46% hours significantly reduced the 
lesion size, while exposing the animals to 12% oxygen for 
the first 24 hours and then increasing the Fio, to 45% for the 
next 48 hours changed lesion size very little from those in 
animals kept at 12% Fio». 

Since prophylactic administration of antibiotics and 
changes in tissue partial pressure of oxygen (Po,) as a result 
of manipulations of an animal's Fio, probably affect the area 
of infectious necrosis by different mechanisms, we tested 
the effect of hypoxia, hyperoxia, and normoxia with and 
without antibiotic administration on the skin lesion size in 


guinea pigs. 


MATERIALS AND METHODS 
Preparation of Bacteria 


Bacteria used for inoculation were wild-strain Æ scherichia coli 
sensitive to ampicillin. The bacteria were grown on tryptose blood 
agar—base plates and were incubated aerobically at 37 °C for 24 
hours. Ten separate colonies were selected and put into 10 mL of 
tryptose phosphate broth for 18 hours at 37 °C. This 18-hour broth 
culture was used for injections. Part of the culture was autoclaved 
for ten minutes to produce heat-killed bacteria, which served as a 
control to determine the lesion size caused by the presence of killed 
bacteria. 


Preparation of Guinea Pigs 


Young adult, female, Hartley guinea pigs (weighing 285 to 310 g) 
were prepared for injection by removing the hair on the back and 
sides with a commercial depilatory. The guinea pigs were then 
thoroughly washed to remove all depilatory and dried with a towel. 
The depilatory was uniformly and sparingly applied to avoid 
overexposure resulting in chemical irritation of the skin. 

Before bacteria were injected, the animals were all kept in room 
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ABx 2 hr After Inoculation 


air (21% Fio,. Guinea pigs were randomly selected for exposure to 
different oxygen concentrations and/or antibiotic administration. 


Injection of Bacteria 


Each guinea pig was injected in the dermis of the back with Æ coli 
in 0.1-mL volames containing approximately 10° bacteria, using an 
air-injection gun designed for human mass immunization. This 
method allowed rapid injection of 11 sites and assured equal depth 
and volume of the inoculation. A standard pattern of four injections 
down each flank and three down the midline of the back was 
utilized. One of the sites was randomly chosen for a control 
injection witk heat-killed bacteria in the same concentration. 

Bacteria were injected when the guinea pigs were completely 
dry after hair removal. The time intervals between hair removal, 
bacterial inoculation, antibiotic administration, and initiation of 
oxygen were -onstant for all test groups. 


Oxygen Exposure 


The injected guinea pigs were exposed to different oxygen 
concentrations for 48 hours. Each plexiglas cage housed four 
guinea pigs. One cage was flushed with an oxygen-air mixture to 
provide a constant, high-flow, 45% oxygen environment. A second 
cage was flushed with a nitrogen-air mixture to provide a constant, 
high-flow, 12% oxygen environment. The open ventilation and high 
flow of gases assured normal carbon dioxide and water vapor levels 
in the eages. The third oxygen environment was room air (21% 
oxygen). Initzally, this last group was also kept in transparent 
plastic (Plexiglas) cages that were flushed with room air at the 
same rate as Or the other two groups; the guinea pigs’ lesion sizes 
were then cempared with those of animals kept in standard 
vivarium cages. Because no difference was found, the room-air 
animals were kept in the vivarium. All guinea pigs received food 
and water ad libidum. 
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Lesion Size, mm 





















Fig 1.—Lesion size according to fraction of inspired oxygen (Fio,) and antibiotic administration (ABx). 


Antibiotic Administration 


Ampicillin (13,000 units) was administered to the guinea pigs by 
intraperitoneal injection either at the time of bacterial injection or 
two hours after bacterial injection. Animals were then divided into 
three groups and randomly assigned to receive 12%, 21%, or 45% 
Fio,. 

Treatment groups were as follows: group 1, 12% Fio,, no antibiot- 
ics; greup 2, 12% Fio,, antibiotics administered at the time of 
injection; group 3, 12% Fio,, antibiotics administered two hours 
after injection; group 4, 21% F io», no antibiotics; group 5, 21% Fio», 
antibiotics administered at the time of injection; group 6, 21% Fio», 
antibiotics administered two hours after injection; group 7, 45% 
Fio», no antibiotics; group 8, 45% Fio,, antibiotics administered at 


the time of injection; and group 9, 45% Fio,, antibiotics adminis- s 


tered two hours after injection. 


Measurements 


Guinea pigs were removed from the various oxygen environ- 
ments after 24 and 48 hours, and the largest diameter of skin 
necrosis at each lesion was measured to the nearest 0.1 mm using 
optical magnification and an optical grid. 

Occasionally, injections on the flank produced a streak lesion 
instead of a round or oval area of necrosis. When this occurred, the 
lesion was determined unreadable and was not included in the data 
for that animal. 

Statistical analysis was performed using the Mann-Whitney 
nonparametric test. 


RESULTS 


Figure 1 summarizes the results obtained from the nine wf 


experimental groups. Results are given as mean lesion 


Oxygen as Antibiotic—Knighton et al 


< 





12% Fio, (SD, 2.0 mm) 


21% Fio, (SD, 2.0 mm) P<.0001 


2.3mm 


| EE 


45% Fio, (SD, 1.3 mm) P<.0001 


fi 


Fig 2.—Effect of fraction of inspired oxygen (Fio,) on lesion size. 
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Fig 3.—Effect ofantibiotic administration (ABx) at time of inocula- 
tion anc fraction of inspired oxygen (Fio,) on lesion size. 


diameters to the nearest 0.1 mm at 48 hours. 

In the 14 animals in group 1 there were eight unreadable 
lesions The mean (+SD) diameter of the remaining 132 
lesions was 4.5+ 2.0mm. Inthe ten animals in group 2 there 
were seven unreadable lesions. The mean diameter of the 
remaining 98 lesions was 3.7+1.2 mm. In group 3, there 
were nə unreadable lesions in the five animals. The mean 
diameter of the 50 lesions was 4.2+1.2 mm. In the 15 
animals in group 4 there were seven unreadable lesions. The 
mean diameter of the other 143 lesions was 2.3+2.0mm. In 
the ter animals in group 5 there were three unreadable 
lesions The mean diameter of the remaining 97 lesions was 
2.0+1.8 mm. One of the five animals in group 6 died of 
unknown causes; there were no unreadable lesions. The 
mean diameter of the 40 lesions was 2.4+1.5 mm. In the 15 
animals in group 7 there were six unreadable lesions. The 
mean diameter of the other 144 lesions was 1.0+1.3 mm. In 
the ter animals in group 8 there were three unreadable 
lesions The mean diameter of the remaining 97 lesions was 
0.2+0.7 mm. Finally, in the five animals in group 9 there 
was ore unreadable lesion. The mean diameter of the 
remaining 49 lesions was 1.5+1.3 mm. 
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Fig 4.—Effect of antibiotic administration (ABx) two hours after 
inoculation and fraction of inspired oxygen (Fio,) on lesion size. 
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Fig 5.—Effect of time of antibiotic administration (ABx) on lesion 
size according to fraction of inspired oxygen (Fio,). ABx 2 hr 
indicates administration two hours after inoculation. 





The effect on lesion size of changing Fio, is summarized in 
Fig 2. When compared with normoxia, 48 hours at 45% Fio, 
signifieantly decreased lesion size by 1.3 mm (P<.0001), and 
48 hours at 12% Fio, significantly increased lesion size by 
2.2 mm (P<.0001). These results are similar to those 
described in our previous report.” 

Figure 3 summarizes the effect of antibiotic administra- 
tion at the time of bacterial inoculation. Antibiotic adminis- 
tration resulted in a statistically significant decrease in 
lesion size at 12% and 45% Fio., where a 0.8-mm difference 
was measured at each oxygen tension (P<.0001). In nor- 
moxie conditions, antibiotic administration resulted in a 
0.3-mm decrease in lesion size (P<.1581). 

When antibiotic administration was delayed by two hours 
after bacterial inoculation, the lesion size returned to that 
measured when no antibiotics were given. At 45% Fio», 
delayed antibiotic administration resulted in a significant 
(P<.01) 0.5-mm increase in lesion size (Fig 4). This eould be 
due to exposure of those animals to room air during injec- 
tion of the antibiotics, producing a transient fall in Fio, and 
tissue Po, at a critical period in the host response to the 
injected bacteria. 
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Figure 5 campares antibiotic administration at the time of 
bacterial inoeulatien with delayed inoculation. The greatest 
effect was recorded at 45% Fio,, where early antibiotic 
administratien resulted in a 1.3-mm decrease in lesion size 
(P<.0001). At 12% Fio, lesion size was significantly changed 
by the delay in antibiotie administration. 


COMMENT 


The results of these experiments support and expand on 
our previously published observations. The role of oxygen 
in bacterial host defense is well documented. Neutrophil 
phagocytosis of bacteria triggers a series of metabolic 
changes that result in a 15- to 20-fold increase in oxygen 
consumption. When the Po, in normal and infected tissues 
is measured with an oxygen microelectrode, dramatic de- 
creases occur at the site of infection. The decrease in tissue 
Po, from the normal 60 mm Hg to 0 to 10 mm Hg corre- 
sponds with the influx of neutrophils.* The increased oxy- 
gen consumption cf activated neutrophils overwhelms oxy- 
gen supply, resulting in very low tissue oxygen levels, and 
the products of the neutrophil respiratory burst (superox- 
ide, hydrogen perexide, and others) may injure local tissue 
cells. The result is eventual tissue death. 

Local tissue oxygen delivery is determined by tissue 
perfusion and the oxygen content of the blood. Bacterial 
injection resalts in altered local perfusion mediated through 
vasoactive kinins, complement activation, and direct effects 
on the endothelium.* The result is increased tissue edema. 
These changes result in a decrease in tissue Po, to 20 to 
30 mm Hg. When neutrophils arrive, tissue Po, drops even 
further to 0 zo 10 mm Hg. 

Changes ia Fio, from 12% to 45% produce small changes 
in the oxygen content of blood but large changes in tissue 
Po,. By increasing the Fio, to 45%, increases in tissue Po, of 
40 mm Hg were measured over perfused capillaries, while 
decreasing Fio, to 12% resulted in a decrease of 20 mm Hg. 
In the tissue between capillaries, changes in Fio, resulted in 
tissue Po, changes of 10 to 15 mm Hg. Thus, at the site of 
infection where tissue Po, is already low, increasing the Fio, 
to 45% could raise lecal Po, levels from 10 to 40 mm Hg, 
while decreasing Fio, to 12% would drive the low Po, levels 
to zero.’ 

These changes in local Po, are sufficient to influence 
bacterial killing by neutrophils. Hohn et alë showed that the 
killing efficiency cf human neutrophils for Staphylococcus 
aureus was impaired by Po, levels below 15 mm Hg and 
severely decreased at levels from 5 to 0 mm Hg. 

Thus, modest ehanges in Fio, can affect local tissue 
oxygen delivery and influence the efficiency of bacterial 
clearance, as shown by Hunt et al’ using an animal wound 
model. Hypexia (12%) increased bacterial counts by 2 logs 
and hyperoxia (45%) decreased bacterial counts by 2 to 3 
logs when compared with bacterial counts measured in 
animals kept in room air. Increased oxygen delivery, 
achieved by raising Fia,, results in higher tissue oxygen 
pressures (which favor more efficient clearance of bacteria 
by neutrophils) and also provides increased oxygen for the 
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cellu_ar respiration of skin and connective-tissue cells. The 
end result is a smaller area of infectious necrosis. Decreased 
oxygen delivery due to a decreased Fio, results in local 
tissue anoxia, impaired neutrophil killing, and delayed 
bacterial clearance, which favor bacterial proliferation and 
skin and connective-tissue cell death. The end result is a 
larger area of infectious necrosis. 

The prophylactic administration of antibiotics influences 
bacterial clearance by another mechanism. As demon- 
strated by Burke,” administration of antibiotics at the time 
of or before bacterial inoculation significantly decreased 
lesion size in the guinea pig skin injection model. Delay of 
antibiotic administration increased lesion size. The pres- 
ence of antibiotics in the tissue at the time of bacterial 
inoculation decreased the number of viable bacteria, allow- 
ing efficient clearance by host defenses. Delayed adminis- 
tration allowed the bacteria to proliferate, causing changes 
in local tissue perfusion that resulted in less efficient 
bacterial clearance and increased lesion size. 

Combining increased tissue oxygen delivery (Fio,, 45%) 
with antibiotic administration results in efficient bacterial 
clearance with almost no tissue death due to anoxia, pro- 
ducirg very little if any infectious necrosis. When tissue 
oxygen delivery is decreased (Fio,, 12%), the addition of 
antibiotics decreases the number of viable bacteria, making 
host elearance at this lower Po, more efficient. The result is 
earlier control of the infection with a decrease in the lesion 
size (Fig 3). At each Fio, the administration of antibiotics 
decreased lesion size. At 45% Fio, most injection sites 
showed no infectious necrosis. 

Delaying the antibiotic administration decreased the 
antibiotic effect and returned the lesion size to that ob- 
tained when no antibiotics were given (Fig 4). At 45% Fio, 
delayed administration of antibiotics resulted in an increase 
in lesion size of 0.6 mm (P<.01). This could be due to 
exposure of those animals to room air during injection of the 
antibiotics, producing a transient fall in Fio, and tissue Po, 
at a critical time in the host response. 

The exact biologic mechanisms that govern the interac- 
tions between oxygen and antibiotics in promoting bacterial 
clearance and decreasing tissue death await quantitative 
measurement of bacteria in skin lesions at different oxygen 
tensions with and without antibiotics. When those mea- 
surements are complete, we will know the relative impor- 
tance ef changes in tissue Po, and the administration of 
antibiotics on bacterial clearance from soft-tissue infec- 
tions. 

The use of prophylactic antibiotics has decreased the 
incid2nce of surgical wound infections to low levels. These 
experiments demonstrate that the combination of increased 
Fio, with antibiotic administration produces an additive 
effec: that results in almost no infectious necrosis. The 
bacteria that require oxygen for neutrophil killing include 
S aureus, E coli, Serratia marcescens, Klebsiella pneu- 
moniae, and Proteus vulgaris." These organisms are com- 
monly cultured from infected wounds. It seems reasonable 
to combine increased normobaric oxygen therapy (45% 
Fio,) with prophylactic antibiotic administration to prevent 
and treat surgical infections. 
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Discussion 


JOHN R. Borper, MD, Buffalo: I certainly think this works 
clinically if combined with a multistage débridement and postoper- 
ative wound management that prevents accumulation of blood. I 
have been amazed at how our policies of deliberate hypervolemia 
and hyperexia, m combination with multistage débridement, have 
allowedus to mamage terrible extremity wounds with low complica- 
tion rates. It must be noted that, as with the use of antibietics, the 
critical zime at wnich high oxygen transport is of value is during the 
operation and for a few hours thereafter. We combine these 
modalit es with a policy of leaving the wound open in a dependent 
area so that postoperative blood may be easily drained. 

I believe retained necrotic tissue is critical to the postoperative 
wound zomplicacion problem. It is critical because it provides 
nutrien: to suppert bacterial growth while concurrently protecting 
the bacceria from both antibiotics and the systemic antibacterial 
systems. Resectzon of necrotic tissue and prevention of postopera- 
tive fluzi collections that support bacterial growth is far easier to 
achieve in the extremity than in the abdomen. Therefore, hemo- 
stasis must be much better in the abdomen. 

I wheleheartedly applaud and endorse the principles presented 
in this report as biologically and clinically sound. We must, 
however, clinical y also emphasize the problem of retained necrotic 
tissue secendary to inadequate wound excision or postoperative 
hematoma. 

RoGer W. Yurt, MD, New York: Dr Peter Dineen was listed as 
the discussant, and he has reviewed this paper. I would like to give 
you hiscomments and add one of mine. He said that the authors 
have shown again that delay in administration of the antibiotic 
beyond a certain point in time (in this case two hours) is for all 
practical purposes tantamount to not giving it at all. Similar 
findings were shown by this group last year in regard to delayed 
use of Fyperoxia. 

The stucy design should serve as a model for all of us engaged in 
laboratory investigation. It is a simple design, aimed at a few 
specifiequestions that are answered, it is well controlled, and there 
is not a lot of extraneous material to becloud the central issues. 

This study could be transformed to human application in, for 
example, elective bowel surgery; is it the authors’ policy to use 
hyperoxia and preoperative antibiotics in this situation? Do the 
authors believe this has any application in established infections? 
Have they tried this technique in the standard rat peritonitis 
model? 

My own comments include the fact that increasing numbers of 
reports suggest that indiscrete margination of neutrophils may 
participate in tne development of multiple-organ failure after 
extensive trauma or sepsis. My concern is that in such a situation 
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hyperoxia may promote tissue damage via O, radical preduction, 
and I would appreciate any information the authors have in relation 
to this. 

Marc Lanser, MD, Baltimore: Have the authors locked at 
changes in pressure? Exactly what is the maximum of both tension 
and pressure beyond which there is either no effect or a deleterious 
effect? 

ALLEN B. KAIsER, MD, Nashville, Tenn: In the earlier guinea 
pig model, epinephrine demonstrated an inverse effect on the 
lesion site. There may be some correlation with the use of epi- 
nephrine and the production of hypoxia at the local site similar to 
the model that has just been described. 

I am not aware of what these various oxygen tensions do to the 
guinea pig blood gases. Hypoxia might induce changes in pH, for 
example, which could have secondary effects on wound healing. I 
wonder if the authors have measured guinea pig blood gases, pH, 
etc, to see if there is any other correlation with wound healing. 

Dr KNIGHTON: In answer to Dr Yurt’s question, we do use 45% 
Fio, in our patients in both the perioperative and the posteperative 
periods. 

In a recently finished survey by Hunt and Jensen, using the 
implantation of a subcutaneous oxygen tonometer as a measure of 
adequate tissue oxygenation, fluid boluses and increased Fio, 
maximized tissue oxygen tension. A series of 60 genera! surgical 
patients had three wound infections, and in those three all patients 
had chronic obstructive pulmonary disease and the tissue oxygen 
tension could not be maximized. 

Regarding the margination effect, we did measure the presence 
of neutrophils in the Schilling wound cylinder model, and at 45% 
Fio, the number of neutrophils was decreased when compared with 
12% Fio,. 

We think the respiratory burst is the most important, but we did 
measure infectious necrosis, and the effect of increased Fio, 
probably also increased the amount of oxygen available to the 
normal tissue cells. 

We agree with Dr Border’s comments. Using the implantable 
tissue oxygen tonometer as a measure of adequate tissue oxygena- 
tion, the need for extra fluid was beyond what would be nermally 
clinically applicable. When adequate fluid is given, an mereased 
tissue oxygen tension is seen in those patients. 

Dr Kaiser, we also used epinephrine in the Schilling model and 
showed that the effect of increased oxygen was abrogated. 

We chose 45% Fio, because Silver showed that at Fio, values 
above this there was arteriolar constriction and a transient de- 
creased oxygen tension in the tissues. We have not gone above 45% 
Fio, and have not done this at higher oxygen pressures. 
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Panel Discussion—Surgical Infection Society 1985 


Multiple-Organ-Failure Syndrome 


C. James Carrico, MD; Jonathan L. Meakins, MD, DSc, FRCSC, FACS; 


J. C. Marshall, MD, FRCSC; Donald Fry, MD; Ronald V. Maier, MD 


INCIDENCE AND PROBLEMS OF MULTIPLE-ORGAN-FAILURE SYNDROMES 


he panelists for the discussion were C. James Carrico, 

MD, from Seattle; Jonathan Meakins, MD, DSe, 
FRCSC, FACS, from Montreal; Donald Fry, MD, from 
Cleveland; and Ronald V. Maier, MD, from Seattle. 

Dr Carrico: Multiple-organ-failure (MOF) syndrome is 
a process that occurs following 7% to 22% of emergency 
operations and between 30% and 50% of operations for 
intra-abdominal sepsis; MOF syndrome carries a mortality 
that varies from 30% to 100% depending on the number of 
organs involved. Treatment usually involves support of the 
organ (system) function and control of sepsis.’ 

In developing a clinical description, we can use a classic 
description of respiratory failure from the late 1960s as a 
model. Rather than a single organ we need to describe the 
funetion of several systems and follow the changes through 
a series of stages, beginning with the patient who has 
recently experienced one of the events I have just de- 
scribed. The changes in stage 1 are as follows: 


Stage 1 


General appearance No obvious signs 


Cardiovascular function Increased volume requirements 
Respiratory function Mild respiratory alkalosis 
Renal function Limited responsiveness 
Metabolism Increased insulin requirements 
Hepatic function ? 
Hematology ? 
Central nervous Confusion 

system 


On gross physical examination the patients may appear 
normal. However, on closer examination it is evident that 
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their volume requirements are a little higher than expected; 
they might have a mild respiratory acidosis, and their renal 
function might be abnormal, as well as the functions for a 
whok series of organs. For instance, this week researchers 
have reported early abnormalities in hepatic function that 
were not previously recognized. 

As the patients progress to stage 2, they become ill, 
described by some practitioners as metastable, and a 
reasenably careful clinical look at the various organ systems 
shows that each one has minor dysfunctions that can be 
deteeted relatively easily: 


Stage 2 
“Tll,” metastable 
Hyperdynamic, volume dependent 


General appearance 
Cardiovascular 
function 
Respiratory function 
Renal function 


Tachypnea, hypocapnia, hypoxia 
Fixed output, minimal azotemia 


Metabolism Severe catabolism 
Hepatic function Chemical jaundice 
Hematology Decreased platelet count, 


increased or decreased white 
blood cell count 
Central nervous Variable 


system 


As the syndrome progresses to stage 3, anyone can 
recognize that the patient is sick. Unfortunately, this stage 
is where treatment begins in a number of these patients.*“ 
Each organ system has an overt clinical abnormality and re- 
quires some type of support: 


Stage 3 


General appearance Obviously unstable 


Cardiovascular Shock, decreased cardiac output, 
function edema 

Respiratory function Severe hypoxia 

Renal function Azotemia 

Metabolism Metabolic acidosis, hyperglycemia 

Hepatic function Clinical jaundice 

Hematology Coagulopathy 

Central nervous Some response 
system 
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Finally, in stage 4 the patient dies of failure of oneor more 
of the ife-sustaining organ systems, as follows: 


Stage 4 


General appearance Terminal illness 


Cardiovascular Ionotropes, volume “overload” 

. fenction 
Respiratory function Hypercapnia, barotrauma 
Renal function Oliguria 
Metabelism Severe acidosis, increased oxygen 

consumption 

Hepatic function Encephalopathy 

Hematology Immature cells, coagulopathy 
Central nervous Coma 

srstem 


Of ceurse, this is an arbitrary description that leaves out 
details and raises several questions. For instance, all of the 
organ systems do not fail equally. In some patients, either 
because of our ability to recognize or because of the process, 
various organ systems predominate.*’ 

Where are we today in the analysis and approach to this 
new syndrome? 

The followimg seven steps can serve as a strategy to 
approach this new syndrome: 


Provide a clinical description. 
Define abnormal physiology. 
Explore basic mechanisms. 
Develop diagnostic tests. 

Apply tests to a high-risk group. 
Test the treatment. 

. Test the prevention. 
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As physicians we should begin with empiric management 
and slowly progress toward physiologic treatmenz. In ad- 
dressing the MOF syndrome, we are somewhere between 
steps 2 and 3 of the strategy. Abnormal physiology is being 
described, and efforts to describe the basic mechanisms are 
underway, although our treatment is in general quite em- 
piric.®’ So, we will focus now on the basic mechanisms of this 
syndrome. 

I have asked each of the panelists to assume the position 
of the proponent of a mechanism (not necessarily a mecha- 
nism of their choice but one that fits the proposed approach 
to MOF syndrome), to provide information supporting that 
position, to defend it vigorously, and to explain its clinical 
implications. At the end we will try to find any common 
threads among three very convincing and three very differ- 
ent approaches to this problem. 
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THE GASTROINTESTINAL TRACT: THE ‘MOTOR’ OF MOF 


Drs MEAKINS AND MARSHALL: Sepsis in the critically ill 
surgical patient is a dynamic phenomenon. With the advent 
of potent antibiotic therapy directed against gram-positive 
organisms, gram-negative sepsis emerged in the 1960s as 
the major threat to patient survival’ and focused attention 
on septie shoek and the hemodynamic manifestations of 
invasive infection.* Subsequent advances in hemodynamic 
monitering and supportive care allowed stabilization of the 
cardiovascular system and unmasked the metabolic®* and 
immunologic" alterations accompanying systemic sepsis 
and critieal illness. 

Clinical deseriptions of the progressive failure of multi- 
ple organ systems as the final common pathway in critical 
surgical illness first appeared 15 years ago,*” but it re- 
mained for Bawe” in 1975 to define the syndrome and for Fry 
et al” co establish its lethality and correlation with uncon- 
trollee infection. Although the hemodynamic, metabolic, 


Arch Surg—Vol 121, Feb 1986 


and immunologic aberrations of the MOF syndrome are 
being defined with increasing clarity, we are still confronted 
with the fundamental question: Why does MOF syndrome 
develop? 

By the late 1970s, septic shock in the Surgical Intensive 
Care Unit (SICU) at the Royal Victoria Hospital, Montreal, 
had become distinctly uncommon as a manifestation of 
systemic infection, superseded by the phenomenon of MOF; 
we started to think of MOF as a septic syndrome. Many of 
these critically ill patients had occult, usually intra-abdomi- 
nal, infections and in keeping with the experience ef others, 
MOF came to be regarded as an indication for abdominal 
exploration.” As time went on, however, we found that we 
were exploring increasing numbers of patients in whom no 
abscess could be found, even though florid MOF was 
evident. In 1980 we described a group of patients who 
manifested the characteristic clinical findings of sepsis— 
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fever, leukocytosis, remote organ dysfunction—yet who 
had persistertly negative blood cultures. We termed this 
phenomenon nonbacteremic clinical sepsis. The clinical 
course and outcome of this group of patients was essentially 
the same as that ef patients who had demonstrable bac- 
teremia, yet no convincing focus of infection could be 
found.” Others have reported a similar experience.” 

The concept of sepsis implies a specific microbiologic 
etiology, yet we clearly had a number of “septic” patients 
who lacked a definable focus of infection. Why, then, was 
the septic process continuing? We would like to review the 
evidence that now suggests to us that the “motor” of the 
MOF syndrome is the gastrointestinal (GI) tract. 

Clinically, it is evident that GI tract function is profoundly 
altered in the critically ill, septic patient. Dependent edema 
develops secondary to the generalized increase in micro- 
vascular permeability that accompanies severe sepsis,” and 
the normal reund or oval appearance of the abdomen gives 
way to a pear- or bell-shaped contour. We call this the “pear 
sign.” An adynamic ileus is a common finding. The patient is 
hypermetabolic, may or may not have jaundice, and is 
intolerant of enteral feeding. Although there have been 
recent reports on the efficacy of enteral feeding in the 
SICU setting,” our experience has been that the most 
severely ill of these patients cannot be fed via the GI tract. 
At laparotomy the small bowel is edematous and flaccid, yet 
there is no sign of intraperitoneal pus. 

The stomach has been the traditional focus of interest in 
studies of the GI tract in MOF because of the immediate 
lethality of stress-induced gastric bleeding. Characteris- 
tically, these stress uleers are superficial, multiple, and 
most commonly found in the fundus and body of the 
stomach. Mucosal ischemia appears to be the predisposing 
factor, and alterations in mucosal blood flow can occur 
secondary te either hypotension or the effects of endo- 
toxin.” Gastric mucosal permeability is altered, and there is 
back diffusion of hydrogen ions as well as a marked increase 
in acid production.” Massive hemorrhage from diffuse 
erosive gastritis has become distinctly uncommon in recent 
years as a result of better control of gastric acidity. None- 
theless, one must ask whether other mucosa-lined organs of 
the GI tract might not be equally vulnerable to the same 
pathologic process. 

Pure hemerrhagic shock can produce patchy or diffuse 
areas of superficial mucosal necrosis in the small or large 
bowel,” as well as in the gallbladder.” The relationship of 
these morphologic changes to clinical syndromes evident in 
the critically ill patient remains to be fully elucidated, 
although intriguing correlations can be made. 

Acalculous cholecystitis is being diagnosed with increas- 
ing frequeney in this patient population”” and figures 
prominently in the differential diagnosis of intra-abdominal 
disorders in critically ill patients. The clinical response to 
cholecystectomy in the patient with acalculous cholecystitis 
ean be dramatic, and improvement can also follow per- 
cutaneous drainage. We have performed serial ultrasound 
examinations on a group of “septic” SICU patients and have 
found a characteristic ultrasonographic picture of enlarge- 
ment, boggy thickening of the gallbladder wall, and evi- 
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dence of biliary sludge. Although the gallbladder is clearly 
abnormal, it is much less clear that this abnormality is 
pathologic, and hence it is difficult to determine when 
choleeystectomy might be beneficial. This diagnostic 
dilemma is compounded by the fact that nonvisualization of 
the gallbladder, secondary to absence of oral feeding and 
edema around the cystic duct, is a common finding on 
radionuclide scanning using iminodiacetic acid derivatives. 
The incidence, pathophysiology, and significance of gall- 
bladder dysfunction in this setting remain to be defined; 
howerer, a potential role in alterations in intestinal immu- 
nologie function is suggested by the fact that in an animal 
mode up to 90% of newly synthesized, specific IgA anti- 
bodies use the hepatobiliary system as their secretory 
route * Thus biliary dysfunction in critical illness may 
adversely affect intestinal immunity. 

Normal jejunoileal function can be conceptualized as 
inclucing both selective absorptive and barrier functions. 
The former is adversely affected in sepsis; microscopically 
there is evidence of loss of both villar height and villar mass, 
and thus the villous absorptive area is greatly diminished. 
Clinically, this is evidenced by an intolerance of enteral 
feeding. 

The mucosa of the GI tract, in concert with the gut- 
assoc ated lymphoid tissues, provides an effective barrier 
to the entry of microerganisms and endotoxin. Multiple 
factors support this barrier function, including the tight 
junct:ons between epithelial cells, specific epithelial IgA 
antibody,” and local cell-mediated immune responses.” 
This barrier function can be lost in critical illness. Bounous 
et al* have shown that hypovolemic shock results in slough- 
ing of intestinal mucosal cells, cessation of mucus produc- 
tion, and an increase in permeability to curare. These 
changes can be prevented by colon bypass in the form of an 
ileostomy and the administration of a hydrolyzed chemical 
diet.” Evidence of opening of the tight junctions between 
epithelial cells comes from observations of increased 
permeability to horseradish peroxidase in hemorrhagic 
shock.” Studies in critical illness have demonstrated de- 
rangements of cell-mediated immunity,’ as well as a marked 
reduction in systemic production of specific antibody”; 
wheter intestinal production of specific IgA antibody is 
similarly affected is unknown. 

Boch the absorptive and the barrier functions of the small 
bowel appear to be damaged in critical illness; hepatocyte 
and hepatic reticuloendothelial function is likewise ad- 
versely affected. Hepatocyte dysfunction as evidenced by 
otherwise inexplicable jaundice is a relatively common 
finding. Hepatic gluconeogenesis from alanine is de- 
creased and synthesis of C-reactive protein and other 
acute phase reactants is increased.“ Saba and Jaffe” have 
shown that hepatic reticuloendothelial function is de- 
pressed as a result of depletion of the reticuloendothelial 
opsonin and fibronectin. 

The foregoing only demonstrates that the GI tract is a 
target organ in MOF. But there is a growing body of 
evidence to suggest that its role in the pathogenesis of the 
syndrome is much more active. 

Alchough the upper GI tract is normally sterile, bacterial 
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overgrowth can occur in the setting of increased gastric pH 
or decreased small-bowel motility. Oropharyngeal coloniza- 
tion with gram-negative organisms is common in critical 
illness and, in conjunction with gastric hypoacidity, results 
in colenization of the stomach with gram-negative orga- 
nisms. Thaz this colonization is of clinical significance is 
demonstrated by the report of DuMoulin et al” that re- 
vealed conconuitant colonization of the stomach and upper 
airway with the same gram-negative organisms in 52 of 60 
SICU patients, many of whom had clinically evident pneu- 
monia. Aspiration of gastric contents in these patients 
produces a much different picture from the classic Men- 
delsohn’s syndrome and mandates more aggressive antibac- 
terial therapy. Significant colonization of the proximal small 
bowel with enterococci, gram-negative organisms, and 
anaerobes cccurs in cirrhotic patients,” a patient popula- 
tion manifesting multiple disorders of systemic immunity. 

The GI tract microflora are altered in the SICU setting, 
and antibiotic usage favors the growth of more resistant and 
more pathogenic organisms. Evidence is accumulating to 
show that these organisms can translocate from the GI tract 
to the peritoneal cavity, the mesenteric lymph nodes, and 
the porta! and systemic circulations. Stone and co-workers™® 
have shown in the dog model that Candida organisms, if 
present in adequate numbers, can freely migrate across the 
GI tract mucosa and enter the portal venous system. 
Candida organisms are normal flora of the GI tract, and 
candidal overgrowth in late sepsis, stimulated in part by 
antibiotic pressures, is common. Data presented at this 
meeting by Wells and colleagues” clearly show that entero- 
cocci and staphylococci can colonize bacteriologically de- 
fined, experimental, intra-abdominal abscesses and 
strong y support the hypothesis that these organisms, too, 
can translocate across the gut mucosa in sepsis. Deitch et 
al® have decumented bacterial translocation in a burn 
model. Investigators have also shown that the maintenance 
of a normal ceeal flora inhibits translocation,” while anti- 
biotic therapy“ and impaired cell-mediated immunity* pro- 
mote translecation. 

A umfying hypothesis is thus emerging to explain the 
promulgation of the MOF syndrome and the persistence of 
clinical evidence of sepsis in the critically ill surgical pa- 
tient. Changes in intestinal flora, coupled with impairment 
of the normal barrier function of the GI tract, allow the 
bowel to serve as a reservoir of pathogens that can enter the 
portal and systemic circulations and fuel the ongoing septic 
process. 

This hypothesis is consistent with data generated from 
studies of bacteremia in critical illness. Garrison et al“ 
reviewed 123 episodes of enterococcal bacteremia, and in 48 
of these episodes no primary focus of infection could be 
identified, prompting the authors to speculate that the GI 
tract might de the source. Significantly, mortality in this 
group ef patients with bacteremia in the absence of a 
definab_e focus was high (67%). Although Staphylococcus 
epidermidis has traditionally been considered a contami- 
nant resultiag from poor blood-culture technique or in- 


° travenous catheter contamination, there is growing evi- 


dence that this erganism is a significant pathogen. Our data 
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reveal a 26.9% overall mortality associated with S epider- 
midis septicemia, and two of three patients in this series 
who had no evident infectious source ultimately died.* The 
report of Wells and colleagues” suggested that the GI tract 
might be a source of these organisms. Our experience with 
multiple-organism bacteremia (the presence of two or more 
organisms in the same culture bottle) is likewise sug- 
gestive: the most common organisms isolated in this group 
of patients were enterococci (15/32 cases), Escherichia coli 
(12/32), S epidermidis (12/32), and Staphylococcus aureus 
(7/32). These are essentially the same organisms found to 
colonize the experimental abscesses in their study,” clearly 
making up a different spectrum of microorganisms from 
those found in single-organism bacteremia. Bacteroides 
organisms, for example, were found in only five cases. 
Translocation from the GI tract appears to be the most 
plausible explanation for this finding, and we are currently 
studying GI microflora in the SICU patient to investigate 
this possibility. 

A state of acquired immunodeficiency is prominent in the 
MOF syndrome’* and predisposes to a significantly in- 
creased risk of infectious complications.* While the patho- 
physiology of this acquired state remains incompletely 
understood, there is evidence that patients with congenital 
immunodeficiency syndromes are at significantly increased 
risk of intra-abdominal septic complications. Mulholland 
and co-workers“ demonstrated a high rate of intra-abdomi- 
nal (commonly intrahepatic) abscess in a group of patients 
with chronic granulomatous disease, a congenital disorder 
characterized by deficient neutrophil intracellular killing. 

The first line of defense against organisms passing from 
the GI tract to the portal venous system is the hepatic 
reticuloendothelial system, the Kupffer cell. Teleologically, 
the important role played by the reticuloendothelial system 
is suggested by the fact that the liver and lungs, two large 
reticuloendothelial organs, are in series and can, therefore, 
filter particulate matter from blood draining the GI tract, 
preventing their passage to the systemic circulation. 
Kupffer cell blockade in an animal model of hemorrhagic 
shock is associated with the development of systemic bac- 
teremia,* and mechanical obstruction of the biliary tree can 
be shown to result in diminished hepatic phagocytosis with 
a concomitant increase in pulmonary localization of viable 
E coli.” 

The significance of the Kupffer cell in the genesis of the 
MOF syndrome may well extend beyond a failure to clear 
gut-derived microorganisms. A recent series of invest- 
igations by Keller and co-workers®™ has shown that a 
monokine similar to interleukin-1, and produced by endo- 
toxin-activated Kupffer cells, can modulate in vitro hepato- 
cyte-protein synthesis. The hepatic Kupffer cell population 
comprises 70% of the total population of macrophages in the 
body, and there are recent reports in the immunologic 
literature that these cells can participate in the initiation of 
the specific immune response.*® Thus, a potential role for 
this cell population in the pathogenesis of both the meta- 
bolic and immunologic aberrations of MOF is suggested. 

In the persistent septic state associated with MOF, 
multiple GI tract aberrations are evident: bacterial flora 
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are altered numerieally, and overgrowth with pathogens 
occurs; the intestinal mucosa is altered both morpholog- 
ically and functionally, and bacterial translocation can oc- 
cur; reticuloendothelia] function is depressed and mediates 
altered hepatocyte function; and systemic immunity is 
deranged. 

We are all familiar with the SICU patient who, despite 
aggressive surgical and supportive care, follows a pro- 
longed and inexorable downhill course, finally dying of 
MOF and overwhelming clinical sepsis. Yet at autopsy, the 


elusive focus of infection, so agonizingly pursued in life, 
proves to be nonexistent. Three quarters of a century ago, 
Eli Metchnikoff, father of the phagocytic theory of immu- 
nity proposed that the passage of organisms or their toxins | 
from the GI tract was a significant cause of premature 
mortality.” In light of contemporary experience in the care 
of the critically ill patient with MOF, we can only concur 
with Dr Metchnikoff and further propose that the motor of 
this syndrome is the GI tract. 
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HUMORAL MEDIATORS OF MOF 


Dr Fry: Our interest in MOF has spanned now almost a 
decade, back to the time of my residency. During that 
period we have examined approximately 1,200 patients with 
various illnesses, and I think I can clearly show that MOF 
has been a very significant event in the death of these 
patients.“ Indeed, a linear relationship exists between the 
number of organ systems involved in these patients and the 
likelihoed of death. 

In a study of 553 patients requiring emergency surgery,’ 
it was c.early shown that uncontrolled sepsis, exclusive of 
other clmical variables that had been indicated in the MOF 
complex, was responsible for the evolution of MOF; im fact, 
MOF may actually be a misnomer. It may be more appropri- 
ate to use Dr Baue’s term from his excellent editorial’ in 
which he coinedithe phrase “sequential organ failure”; as far 
as time relationships are concerned, organ systems do seem 
to fail im sequence rather than simultaneously. 

Bacterial invasion continues to be the inciting event that 
tips over the first piece in what one can truly view as a 
biologic dominoveffect. Unless some form of effective inter- 
vention is achieved, MOF will result in the demise of these 
patients. 

Our [Surgical Infection Society] interest in this par- 
ticular subject has been significantly different from that of 


-A other physicians, in that we have been particularly inter- 


ested in the issues of oxygen metabolism and ways in which 
defects in oxidative metabolism may be critical to the 
evolution of MOF. 

The rationale for saying that oxidative metabolism was 
potentially the defect resulted from simple observations of 
septic patients with MOF. That is to say, they characteris- 
tically have increased, not low, cardiac output. They have 
reduced peripheral vascular resistance, and perhaps in- 
creased total body oxygen consumption over the basal 
state, but an inappropriately narrow arteriovenous oxygen- 
content difference. Lactic acidemia emerges prior to the 
evolution of hypotension in the face of a hyperdynamic 
circulation. Of course, multiple organ systems then become 
involved. 


> Many humoral mediators have been implicated as being 


potentially responsible for metabolic and other aspects of 
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evolving MOF. These are just a few of the substances one 
can implicate: 
Some Humoral Mediators in MOF 
Interleukin-1 
Eicosanoids 
Opioids/neuropeptides 
Glucagon 
Insulin 
Catecholamines 
Corticosteroids 
Growth hormone 
Thyroxin 
Myocardial depressant factor 
False neurotransmitters 
Activated complement 
Kinin 
Histamine 
Serotonin 
Free-oxygen radicals 
Lysosomal enzymes 
Fibronectin 


Interleukin-1 has been a very topical subject in this 
meeting and is a good mediator to start with. It underseores 
the confusion since nobody really knows what interleukin-1 
is. It is uncertain whether interleukin-1 is a compound or 
whether it is a group of very similar compounds. In- 
terleukin-1 has been called endogenous pyrogen, because of 
its ability to cause fever; leukocyte endogenous mediator, 
because of its ability to promote neutrophilia; and lympho- 
cyte-activating factor, because of its ability to facilitate the 
proliferation of lymphocytes in suboptimal concentrations 
of various plant lectins. 

The activities of interleukin-1 have been numerous. We 
have already discussed the direct hypothalamic stimulation 
by interleukin-1 in promoting fever. It stimulates neu- 
trophilia from the bone marrow. It appears to activate 
neutrophils to release lactoferrin, which binds serum iron 
that is then taken up by the reticuloendothelial cells of the 
liver to cause hypoferremia. It reduces zinc levels. Because 
of the acute-phase protein response and the increasing 
concentrations of ceruloplasmin, copper levels increase and 
presumably this has positive host-response effects. In- 
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Circulating Levels of Thromboxane and Prostacyclin* 


TxB,, pg/mL 
(Mean + SEM) 


6-Keto-PGF,-a-Level, 


Group pg/mL (Range) 


Controls 91+18 4 


Septic survivors 92+25 30 (22-194) 
Septic deaths 912+ 250T 229 (31-21,998)T 
*Data from Reines et alf and Halushka et al.'° TxB, indicates thromboxane 


B.; PGF, prostaglandin F. 
tP<.01. 





terleukin-1 promotes a whole host of different acute-phase 
proteins. 

Interleukin-1 also is presumed to increase muscle pro- 
teolysis. It increases peripheral amino-acid oxidation. It 
stimulates thymocyte proliferation, as we have already 
discussed. 

Interleukin-1 may well promote production of immu- 
noglobulins. It also seems to enhance killer-cell activity and 
actually stimulates fibroblasts that end up elaborating 
collagen and promoting fibrosis. So, interleukin-1 is an 
incredibly versatile compound or group of compounds. 

Perhaps the best data to suggest an interleukin-1 or 
interleukinlike effect in septic patients comes from the 
work of Clowes et al. They showed that if one took the 
plasma from either septic patients or patients with varying 
degrees of stress, incubated soleus rat muscle, and then 
looked at proteolysis activity (proceeding from volunteers 
to patients with trauma, sepsis, and hepatic failure), one 
could see that proteolysis seemed to be enhanced by the 
activity of a substance in the serum. 

Efforts by Clowes and colleagues’ to isolate this 
“enhancer,” which seems to promote proteolysis, have 
resulted in the identification of a 4,000-dalton molecular 
weight substance. Unfortunately, animal experiments with 
interleukin-1 seem to suggest that the molecular weight of 
that substance in the experimental laboratory may be 
15,000 daltons, in which ease it remains unclear whether the 
substance identified by Clowes et al is perhaps an in- 
terleukinlike substance or a monomer of a more complex 
molecule; nevertheless, there does appear to be a potent 
substance that may mediate the metabolic proteolysis 
noted. 

On the other hand, perhaps interleukin-1 is not doing 
what we expected after all. In the work of Watters et al,” 
etiocholanolone administered to patients resulted in many 
of the classic findings of an interleukin effect, but when one 
looks at glucose homeostasis, nitrogen balance, or oxygen 
consumption, and so on, there is relatively little to suggest 
that interleukin-1 may mediate those deleterious events. 
Nevertheless, the bulk of evidence in the literature sug- 
gests that interleukin-1 may very well be responsible for 
mediating many of the catabolic processes that result in 
protein-calorie malnutrition and may make the host vul- 
nerable to MOF. 

Other substances of some interest are the various eico- 
sanoid compounds, specifically the prostaglandins (PGs). 
Actually, m the late 1970s a new psychiatric disease 
emerged in the basie scientific literature, namely, pros- 
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Photomicrograph from patient with severe intra-abdominal sepsis, 
demonstrating histology of hepatic failure indicative of multiple- 
organ failure. Small arrows indicate apparent thrombi within micro- 
circulation. Large arrow indicates area of focal necrosis with 
inflammatory cells present. Essentially normal liver histology can 
be icentified to left of area of necrosis. 





tancia, the fear that all diseases were caused by PGs. 
Certainly one got that feeling reading the literature. 

There are basically two compounds that have been the 
focus of an enormous amount of attention—although the 
PGE series is starting to receive a lot of attention more 
recently—prostacyclin, a vasodilator that prevents platelet 
aggregation; and thromboxane, a potent vasoconstrictor 
that aggregates platelets. 

In the formation of prostacyclin and thromboxane, there 
is a very complex metabolic cascade starting with arach- 
idonic acid and leading to the lipoxygenase leukotrienes and 
the cyclooxygenase compounds that result in either pros- 
tacyclin or the thromboxanes. Many investigators have felt 
that the interrelationship between these two compounds is 
crit cal to the understanding of the entire process of septic 
MOF. 

Initial studies have shown that thromboxane and 6-keto- 
PGF,-a-levels were indeed elevated in patients who had 
progressively greater levels of sepsis™”; these levels really 
do reach incredible levels compared with those of control 
patients (Table). 

Since prostacyclin was considered the “good guy” and 
thremboxane the “bad guy,” selective inhibition of throm- 
boxane was attempted with the use of imidazolelike com- 
pounds. In the study of Wise et al,” the use of imidazole or 
an imidazole derivative can improve survival in rats with 
endotoxemia, as well as the measurements of many parame- 
ters. It would seem that inhibition of thromboxane might 
well be important and that thromboxane was an important 
mediator in MOF and death. 


Frem a different perspective, Krausz et al” published "™ 


data about the administration of prostacyclin. Instead of 
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trying <o inhibit thromboxane, the investigators adminis- 
tered prostacyclin to endotoxic dogs, which resulted in 
improved survival, reduced lysosomal enzymes, the altered 
, Yrelease of various catecholamines, and reduced fibrin deg- 
radation products. These findings led the authors to believe 
that inereasing the prostacyclin-to-thromboxane ratio was 
the pre-erred treatment. 

Butler and associates” used a fecal peritonitis model to 
approach some of these issues in yet another way. When 
they measured thromboxane B, as the stable metabolite of 
thromboxane A., they showed that with rat fecal peritonitis 
there was an imcrease in thromboxane levels. However, 
there was likewise an increased 6-keto-PGF,\-a-level, as 
seen in the patients previously reported.*” What was 
particularly interesting was that indomethacin treatment of 
these arimals resulted in prolonged survival, which violates 
what has been discussed to this point because indomethacin 
suppresses both thromboxane and the 6-keto-PGF,-c-level. 

Much the same thing occurred in the essential-fatty- 
acid—deticient animals, so now there is data actually sug- 
gesting that suppression of all PG compounds might be 
advantageous. That is, these authors have essentially re- 
fined their previous endotoxin work" in favor of the data 
they have presented with fecal peritonitis.” 

Anotker interesting group of compounds are the opioids 
and neuropeptides. There is a host of these compeunds, 
enkephalin being one. Enkephalin is not a fourth-genera- 
tion cephalosporin; it actually is an opioid compound that is 
found inthe adrenal medulla and in the hypothalamus. It is 
a small, five-amino-acid peptide with a very short half-life. 
There are also 8-endorphin and dinorphin. Almost daily 
additional opioid substances are identified. 

Opioies have both specific and different receptor sites 
within tne central nervous system, with different effects, 
and serve different roles as peripheral receptors. Whether 
there are peripheral receptors remains a source of consider- 
able discussion. Leucine enkephalin and metenkephalin are 
identified in the adrenal cortex. 

Naloxene hydrochloride has been advocated as some- 
thing that might be effective in antagonizing these agents 
or various compounds, and it might be advantageous in 
dealing with the ravages of sepsis. 

One sudy“ shows that with porcine bacteremia the 
cardiac cutput is improved by naloxone therapy and that 
morphine therapy actually worsens it. Unfortunately, most 
of the opioid data shows primarily a central myocardial 
enhancement and not really much of a beneficial effect in the 
periphery. 

In andher study” high B-endorphin levels with sepsis 
were compared with saline controls, but the administration 
of naloxone was not useful. 

Complement activation becomes even a more critical 
issue, that is, does the activation of complement perhaps 
serve as the central focus for activating all of these various 
humoral substances? In a study” of a classic pathway of 
complement activation, the properdin pathway, data show 
that the classic components are not reduced in severe 
bacteremia, but as one goes distally in the complement 


~~“ cascade a consumption event or presumed activation does 


occur. It would certainly appear that complement activation 
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may very well be a critical issue in the evolution of MOF. 

There is a host of other humoral factors, each of which has 
some evidence to support the fact that its presence or 
absence may be critical to the whole process. 

The pathogenesis of MOF is the biologic summation of 
numerous humoral mediators. The trigger for these numer- 
ous mediators continues to be uncontrolled infection. While 
both interleukin-1 and PGs mediate many of the metabolic 
sequelae of MOF, the endpoint of sepsis—the defect in 
oxygen utilization—remains undefined. Microcirculatory 
events within the viscera are central to this issue. In- 
travascular activation of complement may well provoke 
margination of neutrophils that serve as a basis for microag- 
gregation and defect of oxygen delivery to the visceral cell 
population. 

The Figure shows the liver from a patient with MOF, and 
one can actually see the nonhomogeneous character of the 
cellular process, ie, focal necrosis with adjacent areas of 
actually normal hepatocyte architecture. 

In animal models viewed under oil immersion, focal 
necrosis of hepatocytes with aggregates within the micro- 
circulation adjacent to normal hepatocytes are evident. 
These animals have elevated cardiac outputs but a 40% 
reduction in hepatic blood flow, such that complement 
activation in my estimation represents both the microcir- 
culatory injury and the trigger for the various metabolic 
events that initiate the process of MOF. 
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MULTISYSTEM ORGAN FAILURE 


Dr MAIER: The true etiology of the pathophysiologic 
processes underlying MOF has not been addressed as yet in 
this panel discussion. Multiple organ failure occurs in the 
absence of sepsis, even more commonly when the intestinal 
wall is intact and not leaking. The issues previously 
discussed, although frequently involved, do not address the 
common pathway underlying this syndrome. We need to 
focus on the “worker bees” of the pathophysiologic proc- 
esses that actually cause MOF. 

In a simplistic view, the major goals of the immune 
response, whether due to bacterial invasion, bacterial 
byproducts (endotoxin, lipopolysaccharide (LPS), or any of 
the initiators of inflammation—be it arachidonic acid me- 
tabolites, complement, or others—are to increase delivery 
of the effector cells of the immune response to the area of 
inflammation and simultaneously prevent dissemination of 
the inflammatory process. Ideally, this response eliminates 
the bacterial focus or other inflammatory stimulus while 
maintaining a focused attack on the object of concern, 
rather than becoming a nonspecific, disseminated, destruc- 
tive insult to the host. The basic problem underlying the 
MOF syndrome is too little or ineffective immune response 
locally to control the inflammatory stimulus, whatever it 
may be: leaky gut or intra-abdominal abscess and a diffuse, 
excessive systemic activation of the immune response with 
subsequent multiple organ injury. Or, as is well expressed 
by the quote from Pogo: “We have met the enemy and he is 
us” (Walt Kelly). The “worker bees” that cause multiple 
organ dysfunction and underlie MOF are the cell-cell 
interactions initiated by an uncontrolled inflammatory 
response. 

Cell-cell interactions involving the stimulated effector 
cells of the immune system produce cytotoxicity in the 
target parenchymal cells of various organs. As is true of 
most biologie proeesses, the cytotoxicity is variable and, 
therefore, frequently reversible. Patients survive multiple 
organ dysfunction, and some even survive MOF, so by 
definition the process until some point is reversible." The 
ability to clinically modify this process will require develop- 
ment of techniques to detect the process early and thera- 
peutic interventions to inhibit the process before it becomes 
nonreversible. 

Although cell-cell interactions cause MOF, direct cell-cell 
membrane contact is most likely unnecessary. The cells use 
cellular mediators and other cytotoxic agents to interact 
with one another. However, the interaction probably occurs 
by necessity within the microenvironment of the cells 


- involved and not via systematically released and circulating 


mediators. A partial list of these potential mediators and 
their byproducts is as follows: 


Potential Mediator Systems 
Oxygen intermediates 
hydrogen peroxide and superoxide and hydroxy] radicals 
Proteases 
acidic and neutral 
Arachidonic acid metabolites 
leukotrienes, PGs, prostacyclin, thromboxane 
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Diffuse microvascular thrombosis 
procoagulant activity, microemboli 
Growth factors 
macrophage-derived growth factor(s), fibroblast growth 
factor 


The cells predominantly responsible for the production of 
these inflammatory mediators are the major effector cells of 
the inflammatory response: polymorphonuclear neutro- 
phils (PMNs) and maerophages. 

Neutrophil activation appears to be very important, both 
for carrying out the host immune response and in inducing 
diffuse organ injury. The object of the inflammatory re- 
sponse is to recruit PMNs to the area of inflammation. To 
accomplish this, chemotactic agents are produced that 
attract the PMNs and stimulate them to become “sticky” 
and thus attach to the endothelium and subsequently 
emigrate via diapedesis through the endothelial lining.’ 
Once in the interstitium, the PMNs directly contact the 
bacteria or other inflammatory stimulus. With ongoing 
stimulation, the PMNs release proteases, which help re- 
model abscesses and restructure wounds in healing,” in 
addition to aiding in the destruction of bacteria. The PMNs 
are also phenomenally efficient at ingesting bacteria, and 
phagocytosis stimulates a respiratory burst and secondary 
production of oxygen intermediates (eg, superoxide radi- 
cal, hydrogen peroxide, and hydroxyl radical), which, in 
conjunction with myeloperoxidase, are extremely efficient 
in killing bacteria.* 

Problems occur when this PMN activation is diffuse and 
overly aggressive. In response to stimulation, the PMNs 
aggregate and form microemboli. The microemboli are then 
trapped within the microcirculation of multiple organs.” 
The subsequent release of deleterious proteases and oxy- 
gen intermediates produces bystander-cell toxicity and 
potential organ dysfunction.** This potential has been best 
studied in the lung where there is enormous circumstantial 
evidence that the PMNs contribute significantly to adult 
respiratory distress syndrome (ARDS), specifically: 


PMN Links to ARDS 
PMN microemboli sequestered in microvasculature 
Multiple interstitial and intra-alveolar PMN 
PMN-released proteases capable of damaging lung struc- 
tural components (elastin, collagen, proteoglycans, etc.) 
Both oxidants and proteases derived from PMNs found 
intra-alveolarly 
Endothelial cells and pneumocytes injured in vitro and 
concomitant to PMN influx in vivo 


The clinical setting appears not to matter, whether acid 
aspiration, endotoxemia or, as first described, hemodialy- 
sis. The pulmonary injury is similar in all settings. Histo- 
logically, numerous PMN microemboli are seen seques- 
tered in the microvasculature. In addition, PMNs migrate 
into the interstitial and intra-alveolar spaces. There is also 
a marked decrease in the circulating levels of PMNs. Simul- 
taneously, there is anatomic evidence for both endothelial 


and alveolar cell injury and physiologic derangements o ~ 


pulmonary function that fit the overall clinical picture.’ 
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Vaseactive and permeability modulators 
PGI, TxA,.LTC,, LTD,, PGE,, PGE, 
Chemotactic agents 


Elastase, collagenase, plasminogen activator, acid hydrolase, etc. 
Oxygen intermediates 

Superoxideradical, hydrogen peroxide, hydroxy! radical 
Procoagulant activity 
Macrophage-derived growth factors 

Fibroblast growth factor(s) 





*PG indicates prostaglandin; Tx, thromboxane; LT, leukotriene; and C5a, 
complement protein 5 chemotactic fragment. 


In addition to being present, PMNs are known to produce 
and release proteases capable of damaging virtually every 
structural eomponent of the normal lung.** PMNs contain 
specifie elastases and collagenases and nonspecific pro- 
teases that can destroy proteoglycans in the interstitium 
and basement membrane. Other proteases attack the apo- 
proteins of surfactant and cleave fibrinogen, releasing 
cytotoxic fibrin-split products. Bronchoalveolar lavage in 
patients with ARDS or in animals with acute lung injury 
demonstrates that these proteases are free within the 
alveolar space. thus further supporting their participation 
in the acute lung injury.° 

The PMNs are extremely efficient at killing bacteria, 
which is largely dependent on the generation of toxic 
oxygen intermediates secondary to a phagocytosis-induced 
respiratory burst. Superoxide radical, hydrogen peroxide, 
and hydroxy! radical are produced and, in the presence of 
myeloperoxidase, highly cytotoxic acids, particularly hy- 
pochlovous acid, are formed.‘ These agents are responsible 
for the PMN bactericidal activity but can just as efficiently 
damage or kill an endothelial or alveolar cell. These oxygen 
byproducts cause lipid peroxidation, destroying the cellular 
membrane, and have been shown both in vivo and in vitro to 
directly injure endothelial cells, pneumonocytes, and fibro- 
blasts.” Oxygea intermediates are also capable of inactivat- 
ing protective enzyme inhibitors, such as a-l proteinase 
inhibiter, which have been found inactivated in the lungs of 
patients with acute lung injury.” Alpha-1 proteinase inhib- 
itor is thought to be a major pulmonary protective factor 
against elastase and other deleterious proteases released 
by activated PMNs. 

The cellular mjury induced by oxidants produces a con- 
sistent, reproducible pattern of events.” Initially, the per- 
turbatien of the cell membrane produces a massive in- 
tracellular influx of calcium. Through damage of DNA by 
peroxidation, adenosine diphosphate—ribose polymerase is 
stimulated and causes a consumptive loss in nicotinamide 
adenine dinucleotide (NAD) to repair the DNA injury.” An 
essential coenzyme for glycolysis, NAD is necessary for the 
regeneration ofadenosine triphosphate (ATP), which is also 
consumed rapidly by the cell attempting to repair itself. 
Thus, simultaneous to an increase in the consumption of 
ATP, there is an impairment in the generation of ATP due to 
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Fig 1.—Electron micrograph of rabbit-liver sinusoid 15 minutes after 
intravenous injection of radio-labeled endotoxin. Macrophage (M) 
lining sinusoid contains endotoxin particles (E). Attached to macro- 
phage surface are fibrin strands (F) and platelet (P), demonstrating 
early microvascular thrombosis. 


the loss of NAD, and the cell is rendered energy starved and 
unable to protect itself from further injury. 

Concomitant with the biochemical changes mentioned, 
there are changes in cellular morphology and alterations in 
the structural microfilaments of the cell.”"* There is an 
increase in filamentous actin, which subsequently aggre- 
gates, and also a disappearance of the microtubules, which 
are dependent on ATP to maintain their presence. Mor- 
phologically, the cells partially detach and become 
rounded. Whether the cells become rounded due to the 
changes in the microfilaments or if the microfilamentous 
changes are due to the change in morphology is not known. 
As the cell becomes rounded, it loses some surface contact 
and releases tight junctions with other cells, ie, pores open. 
When this occurs to the endothelial barrier, a marked 
increase in the permeability occurs. Using chronic lung 
lymph fistulas in sheep and goats, this injury and mor- 
phologic change in the endothelial cells correspond to a 
marked increase in pulmonary lymph flow indicative of an 
increase in the leak of intravascular fluid across the endo- 
thelial lining into the interstitium." This increase in the 
number and size of the endothelial pores also permits 
activated PMNs to migrate into the interstitium and subse- 
quently the alveolar space, causing a potential increase in 
toxicity. 

Another major category of effector cells of the host 
inflammatory response, and an extremely active type of cell 
metabolically, consists of the circulating monocyte and the 
tissue-fixed macrophage (Table 1). The macrophage also 
appears to be intimately involved with initiating the patho- 
physiologic processes underlying the MOF syndrome. Simi- 
lar to the PMN, the macrophage is nonspecifically activated 
by many of the initiators of the host inflammatory response. 
The activated macrophage is capable of producing and 
releasing many potential mediators,” including vasoactive 
and chemotactic agents, and can also ingest and kill bacteria 
(albeit not nearly as efficiently as the PMN). The inflam- 
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Fig 2.—Section of human lung during late stage of adult respiratory 
distress syndrome. Extreme fibrosis with loss of alveolar units (A) 
containing replicating type II pneumocytes is shown. Note separa- 
tion of these alveoli by wide septa (S) containing numerous 
fibroblasts and showing extensive fibrosis. 
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matory mediators unction to augment greatly the inflam- 
matory response, including recruitment of activated PMNs 
to the area of inflammation.’ In response to stimulation and 
ingestion of bacteria, and similar to the PMN, the macro- 
phage releases toxic oxygen intermediates and deleterious 
proteases; also like the PMN, the macrophage can contrib- 
ute to organ dysfunetion at sites distant to the inflam- 
matory process when activated nondiscriminantly at the 
ectopic site.” 

In addition to these processes that are similar to the PMN 
response, the macrophage produces many other potentially 
deleterious mediators. Among these are a procoagulant 
activity (PCA), metabolic mediators (for lack of a better 
term), and maercphage-derived growth factors, partic- 
ularly fibroblast growth factor. 

When the macrophage is stimulated with endotoxin, 
antigen-antibody complexes, or other agents, there is a 
rapid increase in the ability of the macrophage to induce 
clotting via produetion of PCA.” Since most of these tissue- 
fixed macrophages of the reticuloendothelial system are 
exposed to the microcirculation of various organs, the 
ability to cause coagulation would contribute to the diffuse 
microcirculatory thrombosis that is commonly demon- 
strated during encotoxemia or clinical sepsis.”"* This micro- 
vascular thrombosis oecurs in multiple organs, including 
the liver, lung, and kidney, as discussed earlier by Dr Fry. 
Figure 1 shows an electron micrograph demonstrating a 
sinusoid of a rabbit liver. Demonstrated is a macrophage 
(Kupffer cell) containing radio-labeled endotoxin that had 
been administered 15 minutes prior to death. Even at this 
early time point there are strands of fibrin and a platelet 
attached to the surface of the macrophage as a microthrom- 
bus begins in the microcirculation of the liver. Thus, both in 
vitro and in vivo, zhe macrophage is shown to produce PCA 
in response to endotoxin that can precipitate or augment 
diffuse microvascular thrombosis and ischemic organ dys- 
function during endotoxemia. 
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Fig 3.—Common endpoint of inflammatory stimulation of host 
response effector cells: endothelial leak. 
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Fig 4—Common endpoint of inflammatory stimulation of host 
respomse effector cells: microvascular thrombosis. 


In addition, Keller et al have demonstrated an effect of 
the hepatic macrophage on the ability of the hepatocyte to 
synthesize protein. Under control conditions, cocultivation 
of hepatic macrophages with hepatocytes appears to stimu- 
late protein synthesis. However, when the macrophages 
stimulated with endotoxin either prior to or during coculti- 
vation, there is a depression in the production of protein by 
the hepatocytes. This effect is also induced by using culture 
supernatants from stimulated macrophages. The macro- 
phages appear to be releasing a mediator, which causes the 
chanze in hepatocyte metabolism. The exact nature of this 
mediator is not known at present, but this capability could 
potentially be very important in the ability of the liver to 
recover from injury and to produce protein products neces- 
sary for the organism to recover. 

The tissue-fixed macrophage has also been shown to 
produce multiple growth factors.” Production of these 
factars can be stimulated by endotoxin, antigen antibody, 
hyperoxia, and other inflammatory stimuli. Although these 
factcrs may be valuable in normal wound healing, under 
other conditions these factors may contribute to the patho- 
physiologic processes of chronic inflammatory processes. 
Pertinent to the present discussion is the fibrosis seen in 
progressive ARDS, as shown in Fig 2. During progressive 
ARDS the normal lung becomes extremely fibrotic with 


loss of alveolar units and separation of the few remaining “7 


alveoli by wide septa eontaining extensive fibrosis. Bron- 
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choalveolar lavage of these lungs demonstrates elevated 
levels af growth factors, including fibroblast growth factor, 


_ in the mtra-alveolar compartment. The impairment in gas 


a 


exchange that accompanies this picture is easily appreci- 
ated.’ 

One additional cell needs to be discussed when cell-cell 
interactions underlying MOF are considered: the endo- 
thelial cell. Most work involving the activities of the phago- 
eytic cells and their potential contribution to MOF has 
assumed that the endothelial cell is a passive bystander. It 
is becoming evident that the endothelial cell is also a 
metabelical y active cell that can be stimulated by many 
inflammatory mediators. Endothelial cells produce chemo- 
tactic agents in response to injury and stimulation.” These 
agents appear to be both a protein moiety and a lipid 
produce (pessibly leukotriene B,). Chemotactic agents 
would attract activated PMNs to the endothelial cells in the 
area of inflammation, leading to further endothelial dam- 
age. In add'tien, the endothelial cell changes surface char- 
acteristics. A surface protein, which is an adhesive protein 
for the PMN, is expressed on the membrane. J. Harlan, MD 
(oral communication, January 1985) has noted that this 
binding appears to be specific ligand receptor binding, 
which grea:ly enhances PMN attachment. Although this 
binding wil enhance delivery of the PMN to the area of 
inflammaticn, if the PMN is activated and releases cyto- 
toxic agents, the endothelial lining will be further dam- 
aged. Finaly, the endothelial cell, which normally prevents 
coagulation and thrombosis, has been shown to produce a 
PCA.“ When either stimulated by endotoxin or injured, the 
endothelial cell, rather than inhibiting coagulation, en- 
hances coagulation via production of a procoagulant similar 
to tissue thromboplastin. Thus, the endothelial cell is 
metabslically active and has the potential to directly aug- 
ment the irflammatory response, and the subsequent mi- 
crovascular injury and organ dysfunction. 

Many of the results of these cell-cell interactions are 
depicted in Figs 3 and 4. A common endpoint of these 
reactiens is to increase the permeability of the endothelial 
barrier. Under appropriate conditions this increase en- 
hances the delivery of cells and humoral agents to the area 
of inflammation to speed the resolution of the process. 


- However, when this response escapes local contro! mecha- 


nisms and Decomes disseminated throughout the host, a 
diffuse microvascular leak and parenchymal injury is in- 
duced in multiple organs. Similarly, as shown in Fig 4, 
another common pathologic result of these interactions is a 
diffuse microvascular thrombosis. As is seen early in MOF, 
there is thrembosis in multiple organ beds,”’” including the 
lung, liver, and kidney. This sludging and loss of microcir- 
culatory flew lead to further ischemic injury and organ 
dysfunction, resulting in organ failure. 

A few brief comments are appropriate on methods to 
treat or prevent MOF based on the pathophysiologic 
processes ef cell-cell interactions. A quote from Lewis 
Thomas summarizes the problem well: “Our arsenals for 
fighting off bacteria are so powerful, and involve so many 
different defense mechanisms, that we are in more danger 
from taem zhan from the invaders.” 


Arch Serg—Yol 121, Feb 1986 





To prevent MOF the overstimulation and dissemination of 
normally appropriate host defense mechanisms must be 
aborted. Two general approaches are being actively investi- 
gated: (1) block the stimulation, and (2) block the effect of 
deleterious mediators (Table 2). By far the best preven and 
most effective and efficient treatment is elimination of 
invasive bacterial infections. That is, pus needs to be 
drained. If drainage is not possible, aggressive antibiotic 
therapy and elimination of foci of infection are needed. In 
regard to pulmonary dysfunction, maintaining the lowest 
fraction of inspired oxygen possible should help protect 
against progressive ARDS. Elevated levels of oxygenare an 
excellent stimulus for the production of fibroblas= growth 
factors by macrophages.” Lower levels may disrupt the 
self-perpetuating cycle of cell injury, worsening fibrosis, 
and pulmonary failure.” 

Pharmacologic manipulation of these processes is in its 
infancy. Glucocorticosteroids work.” In high doses they are 
very effective at shutting down the inflammatory response 
and the deleterious cell-cell interactions. The problem is 
that they work too well. The entire system is inaetivated, 
both systemically and locally, and the ability of the host to 
resist infection is lost, leading to overwhelming infection 
and death. Nonsteroidal anti-inflammatory agents, eg, 
ibuprofen or indomethacin, function in a more focused 
manner by inhibiting eicosanoid production from arach- 
idonic acid metabolism. Many of the deleterious responses 
seen during endotoxemia are mediated by these preducts, 
eg, thromboxane and prostacyclin, and these anti-inflam- 
matory agents have been shown to ameliorate acute 
changes, particularly pulmonary dysfunction.” However, 
long-term survival is minimally affected. In contrast, the 
use of the prostanoid PGE, has been shown to enhance 
survival in ICU patients with ongoing organ failure, as 
indicated by J. Holcroft, MD, in a conversation (April 1985). 
The basis of this response may be somewhat similar to that 
of steroids, in that PGE, nonspecifically interrupts the 
inflammatory response. In contrast to steroids, the depres- 
sion in overall host defense capabilities is markedly less, 
and thus less deleterious. Presently, the efficacy of PGE, is 
being evaluated in a multicenter trial. 

Additional avenues of active research involve the use of 
immunomodulators, both nonspecific (eg, muranyl dipep- 
tide) and specific (eg, immune serum), to LPS from various 
gram-negative bacteria. Another tack is the use of lipid-X 
(an incomplete subunit of LPS that lacks toxicity) to com- 
petitively block the inflammatory stimulation of LPS and 
ameliorate the systemic overresponsiveness. It is too early 
to evaluate the efficacy of any of these approaches in the 
critically ill surgical patient. 

The second general approach involves attempts te block 
the deleterious effects of the various inflammatory medi- 
ators. Major cytotoxic agents produced in response to 
inflammatory stimuli during cell-cell interactions ere the 
various oxidants. Potential treatment protocols being 
tested involve the use of specific, (eg, superoxide dimutase 
or catalase) or nonspecific (eg, abscorbic acid or B-carotene) 
antioxidants administered exogenously to scavenge the 
oxidants as they are formed.” Other studies are attempting 
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Table 2.—Treatment Strategies to Prevent Multiple- 
Organ Failure 






Block the stimulation 
Drain pus 
Administer 

Antibiotics 
Glucocorticosteroids 
Nonsteroidal anti-inflammatory drugs 
Prostaglandin E, 
Immunomodulators, such as 

immune serum and muranyl dipeptide 
Lipid-X 

Block the mediators 

Inhibit microvascular thrombosis 
Maintain microcirculatory volume 
Administer anticoagulants 
Admirister 
Antioxidants, both 
exogenous and endogenous 
Antiproteases, both 
exogenous and endogenous 



















to enhance endogenous levels of antioxidants to prevent 
cytotoxicity.” A similar approach is being used by supple- 
menting endogenous levels of antiproteases to block the 
deleterious side effects of overproduction of the proteases 
or to reverse the depression in normal levels of the anti- 
proteases. Again, results are very preliminary and clinical 
usefulness has not been established. 

Another common pathologic process seen clinically dur- 
ing endotoxemia is diffuse microcirculatory thrombosis. In 
theory, anticoagulation should prevent thrombosis, paren- 
chymal ischemia, and worsening organ dysfunction.” And, 
in a few experimental animal studies, there appears to bea 
beneficial effect to anticoagulation. However, these studies 
have not been translated to human trials because of the high 
risk involved in anticoagulating the acutely injured patient 
or the seriously il ICU patient. At present, the most 
efficacious and safe method to maintain the microcircula- 
tion is to maintain a normal intravascular volume.” Ade- 
quate volume will prevent stasis, help prevent thrombosis, 
and remove thrombi that do form with subsequent reperfu- 
sion of the organ parenchyma. 

Treatment to date has been hampered by a consistent 
underlying problem: the full extent of the effects induced 
when tampering with the host immune response is un- 
known. Unfortunately, many of these unknown side effects 
are often as deleterious as the effects that are inhibited. 
Until we fully understand the basic cell biology and 
pathophysiology involved and develop methods to dis- 
cretely manipulate the system without inducing further 
deleterious side effects, we must be very careful and 
approach with constraint our attempts to modify the host 
response in our patients. 
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è Regional amino acids and brain neurotransmitters were 
studied in 35 nermal and 32 rats with sepsis (induced by cecal 
ligation and puncture) infused with different amino acid formu- 
lations. The brain amino acid pattern during sepsis showed 
increased concentrations of most essential and six of the 
nonessential amino acids. The most consistent finding was 
the accumulation of indoleamines in all six brain regions 
studied duringssepsis; increased brain tryptophan levels pre- 
sumably resulted in enhanced metabolism of serotonin (5HT), 
increased production of 5-hydroxyindoleacetic acid (5HIAA), 
and a high 5HT/5HIAA ratio. Infusion of branched-chain 
amino acid—2nriched formulas restored brain amino acid and 
neurotransmitter profiles, decreasing levels of tryptophan, 
tyrosine, SHLAA, and 5HT/5HIAA ratios while increasing norep- 
inephrine levels in some regions. These alterations in brain 
neurotransmitter metabolism may be at least partially respon- 
sible for the development of septic encephalopathy. 

(Arch Sure 1986;121:209-216) 


; with sepsis often manifest symptoms of enceph- 
alopathy, including agitation, irritability, disorienta- 
tion, confus.on, somnolence, obtundation, stupor, and even 
frank coma,”” which are similar to the symptoms observed 
in portosys:emic encephalopathy.** In the latter, a causal 
relationship has been suggested between the severity of 
encephalopathy and altered concentrations of amino acids 
in plasma and cerebrospinal fluid and of several aromatic 
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amino acids and neurotransmitters in the brain, such as 
norepinephrine, dopamine, serotonin, octopamine, and 
other B-hydroxylated phenylethylamines.** In both sepsis 
and liver failure there is a disturbance of protein metabo- 
lism with extensive muscle protein breakdown and a de- 
ranged plasma amino acid pattern consisting of increased 
levels of the aromatic and sulfur-containing amino acids and 
decreased or low-normal levels of the branched-chain amino 
acids.** Furthermore, derangement of the blood-brain 
barrier neutral amino acid transport system has been 
documented in liver failure,” sepsis," and uremia,” with an 
increased brain uptake index of the neutral amino acids, 
presumably reflecting increased velocity of blood-brain 
neutral amino acid transport. 

The objective of this study was to characterize the amino 
acid and regional brain catecholamine and indoleamine 
neurotransmitter profiles during sepsis in a rat sepsis 
model. In addition, we investigated the effect of amino acid 
infusions, in particular branched-chain amino acid 
(BCAA)-enriched formulations, on the brain catechol- 
aminergic and serotonergic neurotransmitter pattern in 
sepsis, as the BCAAs are known to decrease muscle catab- 
olism” and to compete with the aromatic and sulfur- 
containing amino acids for the same transport mechanism 
across the blood-brain barrier.**”” 


MATERIALS AND METHODS 


We used 65 male Sprague-Dawley rats weighing 307.2 +13.1 g. 
All animals underwent jugular vein cannulation with a 22-gauge 
silicone tubing under sterile conditions and pentobarbital anesthe- 
sia. The 33 control animals then underwent laparotomy while we 
induced sepsis in the other 32 rats by cecal ligation and puncture, a 
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Essential amino aœds 


L-Histidine 
L-Proline 
L-Serine 






satisfactory model fer acute abdominal sepsis.” Following surgery 
the animals were placed in metabolic cages and given continuous 
infusions at a rate of 2 mL/hr. Water was allowed ad libitum. The 
groups of normal contrals and septic rats were each divided further 
into four subgroups according to the intravenous solution infused 
during the experiment (Table 1). 

All groups (seven to nine rats per group) received isovolumic 
and isocaloric amounts of 5% dextrose in water (D5W) at a dosage 
of 2.6+0.2 keal/100 g of body weight per 24 hours. Groups 1 
and 5 received no amino acids while groups 2 through 4 and 6 
through 8 received amino acid solutions containing 4.25% amino 
acids, but differing as to their amino acid formulations (Table 1). 
Groups 2 and 6 received 90.0+8.9 mg of nitrogen per 100 g of 
body weight per 24 hours of Freamine III (American McGaw, 
Irvine, Calif), containing 22% BCAAs. Groups 3 and 7 received 
83.5+10.3 mg of nitrogen per 100 g of body weight per 24 hours 
of Freamine HBC (American McGaw), containing 45% BCAAs. 
Groups 4 and 8 received 78.5+ 10.2 mg of nitrogen per 100 g of body 
weight per 24 hours of Hepatamine (American McGaw), containing 
35% BCAAs and very lew levels of phenylalanine, tryptophan, and 
methionine. 

All groups received adequate and similar amounts of elec- 
trolytes, minerals, vitamins, and trace elements. Surviving ani- 
mals were killed by decapitation 18.5+0.9 hours after the in- 
duction of sepsis or laparotomy following evaluation of their clinical 
state and behavior. Only animals graded as suffering severe sepsis 
and septic encephalopathy were included in the sepsis group. 
Sepsis was graded as severe if the animals exhibited piloerection, 
edema, anuria, positive blood and abdominal cultures, markedly 
reduced blood volume (less than 2 mL collected from the neck 
wound during decapitation), and a severely contaminated perito- 
neal cavity. 

Behavioral derangements classified as showing severe septic 
encephalopathy included the presence of lethargy and loss of 
interest in surroundings, lack of grasping, righting, and head- 
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Table 1.—Composition of Formulations Used* 


Freamine lll 
(BCAAs, 22%) 


L-Isoleucine 0.590 0.90 0.76 
L-Leucine 0.770 1.10 1.37 
L-Valine 0.560 0.84 0.88 
L-Lysine 0.870 0.61 0.58 
L-Methionine 0.450 0. 10 0.25 
L-Phenylalanine 0.480 0. 10 0.32 
L-Threonine 0.340 0.45 0.20 
L-Tryptophan 0.130 0.06 0.09 
Nonessential amine acids 
L-Alanine 0.600 0.77 0.40 
L-Arginine 0.810 0.60 0.58 


0.240 0.24 0.16 


L-Glycine 1.190 0.30 0.33 

L-Cysteine 0.020 0.02 0.02 
Total nitrogen 

in final formula ae 0.650 0.637 0.600 
Glucose 5.0 5.0 5.0 5.0 


*D5W represents 5% dextrose in water; BCAAs, branched-chain amino acids. 






Concentration, g/dL 









Hepatamine 
(BCAAs, 35%) 


Freamine HBC 
(BCAAs, 45%) 






























shaking reflexes, and almest absent reaction to pain.” 

At the time of death the brain was removed, dissected on a chilled 
glass plate into ten regions according to a modification of the 
method of Chance et al,” and immediately frozen in liquid nitrogen 
for amino acid and neurotransmitter analysis. Amino acid analysis 
was performed using an automated amino acid analyzer, with a 
two-buffer, single-column, lithium citrate system, on plasma or 
brain deproteinized in 5% sulfosalicylic acid.” In the brain regions 
of the cortex, diencephalon, hippocampus, striatum, mesenceph- 
alon, and pons-medulla, concentrations of tryptophan, serotonin 
(HT), 5-hydroxyindoleacetic acid (5HIAA), tyrosine, dopamine 
(DA), 3-methoxytyramine (3MT), 3,4-dihydroxyphenylacetic acid 
(DOPAC), homovanillic aeid (HVA), and norepinephrine (NE) were 
assayed by high-performance liquid chromatography with elec- 
trochemical detection according to a modification of the method of 
LoulLs et al.” Each sample was homogenized in ten volumes of 1N 
formi acid-acetone solution (15:85) that contained N-methyl- 
dopamine as an internal standard. After centrifugation (10,000 g, 
ten minutes, 4 °C), the supernatants were divided into two 2.5-mL 
aliquets, and 7.5 mL of heptane-chloroform solution (8:1) was 
added to each sample. The samples were next shaken (ten minutes) 
and centrifuged (2,500 g, ten minutes, 4 °C), with the organic phase 
being discarded. In one set of samples, catecholamines (NE and 
DA) were adsorbed onto 100 mg of activated alumina, washed twice 
with 10 mL of distilled water, and eluted from the alumina with 
0.1N hydrochloric acid. We then injected 20 wL of each of these 
sampies onto the column to separate and quantify NE, DA, and 
N-methyldopamine. The aqueous phase of the other set of samples 
was dried under a stream of nitrogen (36 °C), with the sample 
reconstituted in 0.8 mL of the mobile phase buffer (10% methyl 
alcohol and 90% 0.1M monobasic potassium phosphate, 0.185mM 
sodium octylsulfate, and 0.195mM edetic acid; pH, 3.15). We 
injected 20 uL of each of these samples onto the column to assay 





tyrosine, DA, 3MT, DOPAC, HVA, N-methyldopamine, trypto- “7% 


phan 5HT, and 5HIAA. 
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Fig 1.—Brain amino acid patterns in septic rats infused with 5% dextrose in water (D5W) or 
D5W with one of three amino acid formulations, containing 22% branched-chain amino acids 
(BCAAs) (Freamine lll), 45% BCAAs (Freamine HBC), or 35% BCAAs (Hepatamine). LYS 
represents lysine; THR, threonine; ILE, isoleucine; LEU, leucine; VAL, valine; TRP, tryptophan; 
PHE, phenylalanine; MET, methionine; HIS, histidine: CYS, cysteine; GLN, glutamine; GLY, 
glycine; TYR, tyrosine; ALA, alanine; PRO, proline; CIT, citrulline; ORN, ornithine; SER, serine; 
ARG, arginine; ASP, asparagine; GLU, glutamic acid; and HPRO, hydroxyproline. Asterisk 
indicates significance of two-way analysis of variance (P<.05, at least). 


Data are presented as the mean+SEM. The data for each 
dependent variable were evaluated using a two-way analysis of 
variance. Post hoc comparisons of individual means were made 
employing Scheffe’s test. 

For the sake of simplicity, statistical significance (if present) is 
indicated in Tables 2 through 4 for each brain area and neu- 
rotransmitter studied, without going into detailed comparison of 
the feur different treatment groups. 


RESULTS 
Brain Amino Acids 


Comparing the amino acid pattern of the brain cortex in 
control and septic animals, disregarding the different solu- 
tions used for infusion, we found changes in most essential 
amino acids and six of the nonessential ones. Levels of the 
three BCAAs, threonine, phenylalanine, lysine, and his- 
tidine increased, while methionine levels decreased. 
Among the nonessential amino acids, the levels of glu- 
tamine, proline, glycine, and alanine increased while levels 
of aspartic acid and glutamic acid decreased (Fig 1). 
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The different solutions used for infusion significantly 
affected the levels of threonine, serine, glycine, methio- 
nine, tyrosine, phenylalanine, lysine, histidine. arginine, 
valine, leucine, isoleucine, and tryptophan. In general, 
Freamine HBC and Hepatamine had similar effects on the 
brain amino acid pattern, increasing BCAA, proline, and 
alanine levels and causing a reduction in levels of most 
neutral amino acids (tryptophan, phenylalanine, methio- 
nine, histidine, and tyrosine). Freamine HBC was more 
potent in decreasing levels of some brain amino acids, such 
as lysine, tryptophan, cysteine, histidine, and, to a lesser 
extent, glutamine, than was Hepatamine. 


Brain Neurotransmitters 


The effects on brain neurotransmitters from the cortex, 
diencephalon, hippocampus, striatum, mesencephalon, and 
pons-medulla are presented in Tables 2 through 4. Table 2 
compares the brain neurotransmitters in the six brain 
regions examined in the control and septic groups infused 
with D5W only. Concentrations of the 5HT precursor 
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Cortex 
Control 


Sepsis 


Diencephaion 
Control 


Sepsis 


Hippocampus 
Control 


Sepsis 
Striatum 


19,944+3,328 
22,271 +2,397 


16,336 + 649 
17,651 + 1,786 


24,813+3,108 
25,897 + 822 


84+23 
68 +23 


136 +32 
131+17 


57+27 
172+ 66§ 


Levels, ng/g (Mean + SEM)* 


102+9 


193+15 


197+ 16 


3MT 


0 
0 


12,003 + 1,804 
16,907 + 2,905 


7,054 +424 
9,155 + 593T 


7,379 + 288 
9,952 +616t 


452+19 
458 +25 


963 + 143 
792+54 


775+ 258 
688 + 74 


340+15 
504 + 38T 


942+ 32 


1,338 + 110¥ 


624+56 
747+42 


Control 

Sepsis 
Mesencephaion 

Control 


Sepsis 
Pons-medulla 

Contro! 

Sepsis 


31,012+ 1,240 
34,646 + 2,775 


7,547 + 543 
10,136 + 1,196§ 


729+453 600+51 
840+71 376+36T 


218+23 
155+17§ 


8,194 + 1,066 
13,749 + 1,609T 


713 +23 
869 + 155 


785 + 237 
1,490 + 169} 


19,088 + 1,904 ! 0 
20,014 + 2,377 


6,651 +501 
7,679 + 477§ 


Titre lst 
1,274+70 


1,183+127 
1,494 + 122§ 


15,953 + 1,762 
18,680 + 3,429 


6,417 +652 697 +43 700 + 55 
7,921 +765 823+37§ 1,236+116t 
*NE represents norepinephrine; TYR, tyrosine; DA, dopamine; DOPAC, 3,4-dihydroxyphenylacetic acid; HVA, homovanillic acid; 3MT, 3-methoxytyramine; 





5 TRP, tryptophan; 5HT, serotonin; and 5HIAA, 5-hydroxyindoleacetic acid. 


tP<.01. 
+P<.001. 
§P<.05. 


Cortex 
D5W 


Freamine IF 
Freamine H3C 
Hepatamine 


Diencephalon 
D5W 


Freamine II! 
Freamine HBC 
Hepatamine 

Hippocampus 
D5W 


Freamine II! 
Freamine HBC 
Hepatamine 


Striatum 
D5W 


Freamine Ill 
Freamine HBC 
Hepatamine 


Mesencephalon 
D5W 


Freamine Ill 
Freamine HBC 
Hepatamine 


Pons-medulla 
D5W 


Freamine Ill 
Freamine HEC 
Hepatamine 


246+ 14 
234+9 
228+13 
223+ 16 


386 + 57 
439 + 40 
484+33 
409 + 21 


326+19 
363 +15 
360 + 25 
388 +25 


159+12 
177+29 
123+ 15 
135+ 23 


494+60 
401+34 


1,035+ 602 


454+62 


486+20 


451+22 > 
644+ 144 
478+12 


Neurotransmitter Levels in Brain Regiens of Control Rats 


19,944 +3,328t 
9,631 + 1,785 
7,092 + 1,265 
5,042 + 564 


16,336 + 649F 
8,719+699 
7,111 +690 
5,597 +310 


24,813+3,108t 
14,348 + 1,132 
11,580 + 755 
9,070 + 1,100 


31,012+ 1,240f 
18,075 + 1,527 
12,749 + 722 
10,482+915 


19,088 + 1,904t 
9,773 +571 

11,773 + 3,952 
6,195+ 159 


15,953 + 1,762T 
8,432 + 826 
7,017 +781 
5,345 + 442 


*See Table 2 for expansion of abbreviations. 


tP<.0001. 
+P<.05. 


84 +23 
183 +60 
81+24 
145+45 


136 +32 
217+58 
201+31 
167+32 


5/7 +27 
69+17 
105+33 
86 +29 


7,547 + 543 
7,945 +339 
8,066 +543 
9,046 + 631 


188+ 23 
166+13 
165+13 
196+10 


§P<.001. 
\P<.01. 


Levels, ng/g (Mean + SEM)* 


DOPAC 


28+ 3t 
46+9 
36+4 
47+8 


84+6t 
64+12 
60+5 
51+6 


193+ 15T 
119+10 
92+7 
81+6 


729 +45 
775 +57 
836 + 66 
937 +79 


52+3 
51+4 
52+4 
56+4 


218+23 
228 + 22 
247+33 
273+22 


12,003 + 1,804+ 

10,230 + 1,361 
8,056 +946 
6,867 + 997 


7,054 +424§ 
6,981 +501 
5,841 +394 
4,640 = 157 


7,379 = 288§ 
7,239 = 250 
5,499 = 861 
4,907 = 145 


8,194 = 1,066|| 
9,184 +448 
7,587 = 435 
6,026 = 219 


6,651 =501t 
5,807 = 270 
4,904 +311 
3,891 + 258 


6,417 +652t 
6,304 + 604 
4,987 + 367 
4,024+ 416 


Table 3.—The Effect of Infusing 5% Dextrose in Water (D5W) or Amino Acid Formulations on 


452+19 
459+ 25 
516+64 
439 + 20 


963 + 143 
884+ 110 
969 + 100 


1,124 + 206 


775+258 
546 + 27 
710+95 
712+87 


713+23 
753 + 46 


1,516+778 


729 + 46 


1,217+171 
1,160+70 


995+33 


1,038+17 


697 +43 
673+ 54 
717+38 
698+ 51 


340+15 
317+18 
297+15 
294+16 


942+32 
885 +35 
856 + 36 
839 + 48 


624 +56 
526+ 40 
528 + 37 
488 + 42 


785 + 23 
805 + 47 
682 +36 
699 + 69 


1,183 +127T 
1,035 + 44 


902+38 
886 +69 


700 + 55t 
634+61 
564 + 50 
541+37 
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Table 4.—The Effect of Infusing 5% Dextrose in Water (D5W) or Amino Acid Formulations on 
Neurotransmitter Levels in Brain Regions of Septic Rats 


Levels, ng/g (Mean+ SEM)* 


DOPAC HVA 


376 +36 
243 + 45 
354 + 86 
258 + 24 


31+8 
17+8 
26+10 
20+11 


60+ 13t 
46+10 
24+5 


3MT 


155+17 
153 +32 
106+ 36 
128+14 


TRP 


16,907 + 2,905+ 

14,232+3,352 
7,586 + 1,344 
9,414+1,745 


9,155 +593t 
7,202 +645 
4,378 + 498 
4,800 +398 


9,952 +616T 
6,995 + 1,165 
5,312+471 
5,020 + 361 


13,749 + 1,609t 

10,993 + 1,488 
6,049 +711 
6,566 + 387 


7,679 + 477t 
6,459 + 554 
3,860 + 443 
4,074 + 269 


7,921 + 765tf 
6,895 +914 
3,730 + 608 
4,039 + 432 


458 + 25 
406 + 30 
448+ 23 
380 + 25 


792 +54 
742+67 


850 + 130 


753 + 26 


688 + 74 
642+ 24 
661 +46 
581+23 


869 + 155 


767 +81 
747+ 41 
674+29 


1,274+70 
1,133 + 47 
1,156 +67 
1,041 +60 


823 + 37 
749 + 27 
723 + 40 
678+ 17 


ae. FN 


5SHIAA 


504 + 38§ 
396 +19 
342+30 
322+17 


1,338 +110§ 
997 +59 
838 + 94 
885+53 


747 +428 
584 + 30 
493+45 
487+53 


1,490 + 169] 

1,085 + 151 
865+115 
868 + 390 


1,494+ 122+ 

1,195+91 
904+ 105 
905+ 75 


1,236 + 116+ 
900+79 
604+73 
599+ 49 


TYR DA 
Cortex 
D5W 22,271 +2,397t 68 +23 37+5 
Freamine Ill 10,306 + 1,300 73 +15 38 +4 
Freamine HBC 6,686 + 1,304 156+77 41+8 
Hepatamine 7,774+ 1,544 116+34 36+3 
Dieneephalon 
D5 17,651 +1,796t 131 +17 102+9t 
Freamine Ill 9,614+1,454 227 +64 82+15 
Freamine HBC 5,091 +534 172+34 50+6 
Hepatamine 389+29 4962+415 161+35 46+4 
Hippocampus 
D5W 381+58 25,897+822t 172+66 197+16t 
Freamine Ill 326+37 14,875+2,514 102+ 26 143+35 
Freamine HBC 443+42 #8,557+881 177+54 89+11 
Hepatamine 473+78  7,660+1,277 84+18 84+10 
Striatum 
D5W 296+75 34,646+2,775t 10,136+1,1986 840+71 
Freamine Ill 259+31 23,529+6,188 9,700+1,463 684+134 
Freamine HBC + 323+62 10,530+697 10,008 + 934 696 + 81 
Hepatamine 249+16 10,174+570 8,652 + 468 573+ 42 
Mesencephalonr 
D5W 411+36 20,014+2,377t 204+13 
Freamine III 382+45 13,517+2,765 208 + 14 
FreaamineHBC 489+44 #6,527+987 219+19 
Hepatamine 461+39 5,696 +538 195+13 
Ponsemedulla 
D5W 454+45 18,680+3,429t 58+3t 
Freamine Ill 431+35 11,884+2,506 60+6 
FreamineHBC 523+30 5,503+1,198 54+5 
Hepatamine 464+22  4,988+850 50+5 
*See Table 2 tor expansion of abbreviations. 
tP<.0001. 
tP<.05. 
§P<.001. 
|P<.01. 


tryptophan and its metabolite 5HIAA were significantly 
increased in the septic animals in most areas, particularly in 
the cortex, diencephalon, hippocampus, striatum, and 
pons-medulla (Fig 2). The 5HIAA/5HT ratio was also 
significantly inereased, suggesting an increased seroton- 
ergic turnover rate. Among the catecholamines, the most 
prominent observation was the high level of dopamine in 
hippocampus, striatum, and pons-medulla (Fig 3). In the 
striatum we also observed low levels of HVA, 3MT, and 
HVA/DA ratio and high levels of NE (Fig 4). This pattern 
suggests decreased turnover of DA, resulting in accumula- 
tion of unused DA and decreased concentrations of its 
breakdown products (HVA and 3MT). Simultaneously, as 
DA apparently is not utilized as a neurotransmitter proper, 
more of it is channeled into the production of NE, which in 
the striatum may not have a proper neurotransmitter 
function. 

Tables 3 and 4 compare the effects of the three different 
amino acid formulations on brain neurotransmitters in 
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control (Table 3) and septic (Table 4) rats. Brain tyrosine 
and tryptophan levels varied following the administration of 
all three amino acid solutions in both control and septic 
animals compared with the animals receiving only D5W. In 
general, effects similar to those seen in the group receiving 
D5W were found in the groups infused with Freamine III. 
The two BCAA-enriched formulations (Freamine HBC 
[45%] and Hepatamine [35%]) had similar effects, which 
differed markedly and significantly from those of D5W and 
Freamine. The infusion of the two BCAA-enriched formula- 
tions resulted in significant decreases in levels of tyrosine, 
DOPAC, 5HIAA, and tryptophan in both control and septie 
groups. However, the effect was much more pronounced in 
septic animals (Tables 3 and 4). 


COMMENT 


The most consistent finding of this study was the aecuamu- 
lation of indoleamines or evidence of more rapid indole- 
amine turnover during sepsis in all brain regions studied: 
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*P<.01 


tP<.001 
* t 





Fig 2.—Tryptophan (TRP), serotonin (SHT), and 5-hydroxyin- 
doleacetic acid (SHIAA) levels in different brain regions in control 
(open bars) and septic(hatched bars) rats infused with 5% dextrose 
in water. 


cortex, diencephalon, hippocampus, striatum, mesen- 
cephalon, and pons-medulla (Fig 2). Increased brain levels 
of tryptophan probably lead to enhanced turnover of 5HT, 
best demonstrated by increased concentrations of 5HIAA. 
Levels of tryptophan and 5HIAA were markedly increased 
during sepsis in all six brain regions studied, although 
statistical significance was achieved in only four regions for 
tryptophan and in five regions for 5HIAA. Levels of 5HT 
did not demonstrate significant changes, but this is not 
unusual when indoleamine turnover is increased, and the 
lack of change is attributed to the rapid compensatory 
increase of tryptophan hydroxylase activity following 5HT 
release from stimulated 5HT neurons. Furthermore, the 
5HT/5HIAA ratio was also increased in the cortex, dien- 
cephalon, striatum, and pons-medulla, suggesting in- 
creased 5HT turnover in these areas. 

The midbrain raphe (MR) area, in particular the dorsal 
and median nuclei of the mesencephalon raphe, is the 
largest collection of serotonergic neuronal cells." More- 
over, the MR has extensive projections into various regions 
of the forebrain, suggesting that 5HT and 5HIAA, synthe- 
sized in MR neuronal cells, play an important inhibitory 
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Fig 3.—Dopamine (DA), 3,4-dihydroxyphenylacetic acid (DOPAC), 
and homovanillic acid (HVA) levels in different brain regions in 
control (open bars) and septic (hatched bars) rats infused with 5% 
dextrose in water. 


role on behavior.” Lesions in the MR area or treatment with 
p-chlorophenylalanine, a brain 5HT depletor, significantly 
potentiated amphetamine-induced locomotor activity, ap- 
parently as a result of inactivation of the serotonergic 
pathway.” Administration of 5HT prevented this effect 
and decreased motor activity, suggesting that a seroton- 
ergc inhibitory system controls catecholaminergic arous- 
a=" 

Catecholaminergie activity as evidenced by NE levels 
was not affected by sepsis except in the striatum, where NE 
levels rose significantly during sepsis. This should be 
viewed as part of a complex of changes occurring in the 
striatum during sepsis. With the increase in NE levels there 
alsc occurred a significant increase in DA levels and marked 
decreases in HVA and 3MT levels (Fig 4). This pattern 
Suggests decreased turnover of DA with accumulation of 
unused DA and decreased concentrations of DA breakdown 
products (HVA and 3MT). Decreased turnover of DA is also 
suggested by the decreased HVA/DA ratio found in septic 
animals. Simultaneously, as DA is not being used as a 


neurotransmitter proper, more of it is available for the “~ 


production of NE. A similar trend was also found in the 
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Fig 4.—Effect af sepsis on neurotransmitters and metabolites in 
striatum in cantrol (open bars) and septic (hatched bars) rats. NE 
represents narepinephrine; DA, dopamine; DOPAC, 3,4-dihydroxy- 
phenylacetic acid; HVA, homovanillic acid; 3MT, 3-methoxytyra- 
mine; 5HT, serotonin; and 5HIAA, 5-hydroxyindoleacetic acid. 
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hippocampus (Fig 3). Lesions to the hippocampus were 
reported toinduce submissive postures, which derive from 
a state of indifference to environmental stimuli,” a state 
similar to that observed in our septic animals. 

Several neurochemical and anatomic studies suggest the 
presence of pathways from the MR nuclei, in particular the 
dorsal and medial ones, to the substantia nigra, modifying 
nigrostriatal DA neurotransmission.” It has been demon- 
strated that the substantia nigra receives a direct mono- 
synaptic innibitory input from the raphe nuclei and that 
these pathways use 5HT as their neurotransmitter serving 
to inhibit dopaminergic neurons tonically.”’ The substantia 
nigra itself has a self-regulating system with the striatum 
(nigrostriatal system), consisting of cholinergic-activated 
striatonigral and dopaminergic-activated nigrostriatal fi- 
bers.” From the neurotransmitter profile of the striatum 
during sepsis it seems that increased indoleamine activity 
may inhibit DA release, leading to accumulation of DA, low 
levels of DA metabolites, and a decreased HVA/DA ratio. 
Only in the pons-medulla were high DA levels during sepsis 
accompanied by increased levels of its metabolites, DOPAC 
and HVA, and a high HVA/DA ratio, all indicating a high 
DA turnover rate. However, these are areas ef many 
noradrenergic and few dopaminergic pathways.” 

Amino adds and biogenic amines serve important neu- 
rotransmitterand neuromodulatory functions in the central 
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nervous system. In the development of encephalopathy 
during sepsis, tryptophan, 5HT, and 5HIAA should be 
considered as a major line of mediators serving directly as 
inhibitory neurotransmitters and also via their effect on 
other brain areas and neurotransmitters, such as the signif- 
icant decrease in DA turnover observed particularly in the 
striatum. In previous experiments with normal dogs, we 
were able to induce drowsiness and sleepiness by in- 
tracarotid infusion of tryptophan, although coma proper 
was induced only following the combined intracarotid ad- 
ministration of both phenylalanine and tryptophan.” 

It would probably be incorrect to attribute to any single 
neurochemical or group of neurotransmitters sole responsi- 
bility for specific complex interactions such as behavior and 
encephalopathy. These complex phenomena involve multi- 
factorial mechanisms and multiple neuroanatomic and neu- 
rochemical interactions. More likely, behavior is regulated 
by a balance of various neurotransmitters. Other inhibiting 
amino acids and neurotransmitters such as glycine, taurine, 
and y-aminobutyric acid are valid inhibitory candidates, as 
are changes in the number and activity of receptors for 
inhibitory as well as excitatory neurotransmitters, al- 
though the significance of the latter is more difficult to 
establish. 

Other possible mechanisms involve anatomic and func- 
tional alterations in the blood-brain barrier. We previously 
reported that during sepsis and septic encephalopathy 
brain influx rates for all neutral amino acids were increased 
in both the intact animals as well as in isolated brain 
capillaries." This increased blood-brain barrier transport 
activity for the neutral amino acid carrier system is similar 
to the findings in rats following portosystemic shunting and 
hepatic encephalopathy.” 

Brain levels of tyrosine and tryptophan in all regions 
studied were reduced both in normal and in septic rats by 
the infusion of all three amino acid formulations tested. 
However, the two BCAA-enriched formulas, Freamine 
HBC and Hepatamine, had a much more profound effect on 
lowering tyrosine and tryptophan levels. In the striatum, 
Hepatamine caused a reduction in tyrosine levels aceompa- 
nied by high levels of DOPAC in controls but low levels of 
DOPAC in rats with sepsis, which might be a disadvantage 
of this formula. Of the rest of the neurotransmitters stud- 
ied, D5W alone and Freamine III acted in a very similar 
fashion, while the two BCAA-enriched formulas had similar 
beneficial effects, increasing NE levels in the mesenceph- 
alon and pons-medulla and decreasing 5HIAA levels and 
5HT/5HIAA ratios in all areas. These beneficial effects of 
BCAAs in amino acid and neurotransmitter profile did not 
have an obvious clinical effect in these animals, as this is a 
severe and ultimately fatal model of sepsis and septic 
encephalopathy. However, infusion of BCAA-enriched 
amino acid formulations has had beneficial effects on en- 
cephalopathy in clinical studies’* and on the brains of rats 
that had undergone hepatectomy.” 

As there is now ample evidence that the BCAAs reduce 
muscle proteolysis and release of aromatic amino acids,” 
compete for the neutral amino acid transport mechanism 
across the blood-brain barrier,” and, in the present study, 
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favorably affected brain amino acid and neurotransmitter 
levels, we speculate that in a less extreme septic model 
BCAAs will be able to reduce the degree of septic encepha- 


lopathy, as has been demonstrated for hepatic encephalopa- 
thy.* 


Wiliam T. Chance, PhD, provided comments and suggestions. 
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Successful Vein Bypass in Patients With an 


Ischemic Limb and a Palpable Popliteal Pulse 


Nancy L. Cantelmo, MD; J. Robert Snow, MD; James O. Menzoian, MD; Frank W. LoGerfo, MD 


è Patients presenting with an ischemic foot who have a 
palpable popliteal pulse have not always been considered to 
be suitadle candidates for arterial reconstruction. Since 1976, 
32 distal bypasses were performed in 30 such patients, 77% of 
whom were diabetic. Proximal anastomoses were from the 
distal superficia’ femoral or popliteal artery. Autologous vein 
was used in all cases. There were six graft failures, all of which 
occurred within eight months. Three failures, which all oc- 
curred within the first month, required below-the-knee amputa- 
tion. Us ng life-table analysis, the one- and three-year patency 
rates were both 79%. One- and three-year limb-salvage rates 
were 89% and 82%, respectively. We conclude that the results 
of dista! vein graft reconstruction originating from the superfi- 
cial femoral or popliteal artery are comparable with those of 
any group of patients with arterial occlusive disease of a lower 
extremity. 

(Arch Surg 1$36;121:217-220) 


ypass to infrapopliteal vessels has greatly contributed 
te the treatment of atherosclerotic ischemic disease 
and is now a widely accepted procedure. The inflow site is 
usually the eommon femoral artery (CFA), and thedisease 
is often foune above and below the knee. In selected 
patients, the majority of whom are diabetic, obstructive 
disease is located only in the popliteal and tibioperoneal 
segments.’ In such patients the inflow vessel could be the 
distal superficial femoral artery (SFA) or the popliteal 
artery above or below the knee. In the past, primary below- 
knee emputation, often without angiography, was advo- 
cated in patierts with a palpable popliteal pulse and distal 
ischemia. More recently, procedures using inflow distal to 
the CFA for infrapopliteal bypass have been used only as 
compromise measures, when vein length was not ade- 
quate.~° Recent reports have indicated that the superficial 
femoral and popliteal arteries may be preferential inflow 
sites “or tibieperoneal bypass.*’ Herein, we report our 
experience of successful vein bypass in patients with an 
ischemic limb who were found by physical examination to 
have 2 palpabie popliteal pulse. 


PATIENTS AND METHODS 


Thiry patients from Boston City Hospital and University 
Hospitals with a palpable popliteal pulse underwent 32 primary 
bypass procedures from 1976 to 1984. Indications for surgery were 
ischemic rest pain, nonhealing ulcer or toe amputation site, or 
gangrene. The average patient was 68 years old (range, 44 to 86 
years). There were 19 men and 11 women. Twenty-three (77%) 
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patients were diabetic and 15 (50%) were hypertensive and dia- 
betic. Preoperative angiograms disclosed no hemodynamically 
significant lesions to the level of the popliteal artery in all patients, 
consistent with the finding of a palpable popliteal pulse. The 
obstructive lesions occurred in the distal popliteal and/or 
tibioperoneal vessels. 

Inflow was from the distal SFA or proximal popliteal artery in 16 
patients and from the distal popliteal artery in 16 patients. The 
distal anastomosis was to the tibial peroneal trunk in one patient, 
anterior tibial artery in seven patients, peroneal artery in eight 
patients, posterior tibial artery in eight patients (with one 
anastomosis being below the ankle), and dorsalis pedis artery in 
eight patients. Reversed autogenous saphenous vein was used in 
all cases except two, in which arm vein was used. Completion 
intraoperative angiography was used in all cases to visualize the 
graft and the distal anastomotic site. Postoperative anticoagulant 
or antiplatelet agents were not used. The follow-up period was 
from one to 68 months (average, 25.9 months). Follow-up examina- 
tion demonstrated patency by palpation and/or Doppler ultra- 
sonography. 

Minor amputations were performed in 17 patients, with 12 toe 
amputations and five transmetatarsal amputations. In patients 
with septic gangrene, amputations were done at the termination of 
the bypass procedure, with the wound left open for secondary 
healing or subsequent skin graft. 


RESULTS 


In this series, there was no operative (30-day) mortality. 
Eight late deaths occurred from cardiac or cerebrovascular 
causes. These deaths occurred from two to 53 months 
postoperatively. The one- and three-year patency rates 
were both 79% using the life-table method (Fig 1). Limb 
salvage at one year was 89% and at three years was 82% (Fig 
2). The six graft failures in this series all occurred within the 
first eight months after surgery. Four failures occurred 
within the first month. Three of these early failures re- 
quired below-the-knee amputation, while the fourth patient 
had a persistent nonhealing ulcer but did not require 
amputation. In the two patients with later failures, minor 
amputations healed at five and eight months, respectively, 
and the patients did not require major amputation. 

Two patients had bilateral bypass grafts. In one patient, 
both grafts failed early and required bilateral below-the- 
knee amputations. The other patient had failure of one graft 
at six months after a toe amputation healed. 

The origin of inflow did not influence which grafts failed, 
nor did the location of the distal anastomosis. The inflow site 
in three of the six failures was above the knee and in three 
others it was below the knee. Two failed grafts were to the 
posterior tibial artery, two were to the anterior tibial 
artery, and there was one each to the peroneal and dorsalis 
pedis arteries. 
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Fig 1.—Cumulative graft patency of 79% at one and three years 
using life-table analysis. Va ues on curve indicate number of patent 
grafts. 





100 


80 


60 


40 


20 


Accumulated Patency Rate, % 





yan ee | 24 36 48 60 72 


Time After Operation, mo 


Fig 2.—Cumulative limb salvage of 89% at one year and 82% at two 
years by life-table method. Values on curve indicate number of 
patent grafts. 


Fig 3.—Pattern of atherosclerosis, sparing preximal vessels, with disease of 
popliteal and tibial vessels (left and center) and reletive sparing of foot vessels (right). 
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Fig 4.—Intraoperative completion angiogram of reversed saph- 
enous vein bypass graft from proximal popliteal artery to dorsalis 
pedis artery. 


One patient had progression of proximal disease that 
presented with ischemic rest pain and diminished Doppler 
pressures. Angiography disclosed an occlusive lesion of this 
patient's previously patent SFA. His vein graft remained 
patent by profunda collaterals and symptoms abated witha 
second vein bypass from the more proximal SFA to his 
popliteal-anterior tibial artery graft. Five years after his 
second procedure the patient had no symptoms and had a 
patent graft. Another patient was found to have a dimin- 
‚ished Doppler pressure caused by a significant stenosis 


* distal to his popliteal—posterior tibial arterial graft. He 


underwent a second vein bypass to a more distal pertion of 
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his posterior tibial artery that remained patent after 13 
months. One case listed as a failure of limb salvage at 36 
months had a patent graft but required a below-knee 
amputation due to an advanced degree of sepsis in self- 
inflicted foot burns. 


COMMENT 


Our study adds weight to the two previously published 
reports®’ documenting the assertion that shorter distal 
bypasses originating near the knee are not only possible but 
are desirable. 

Earlier reports of graft inflow from the SFA or popliteal 
artery suggested that these were compromise situations in 
which the saphenous vein was too short to reach the 
common femoral artery. Our data, as well as the more 
recent series, support these grafts from the SFA or 
popliteal artery as the procedures of choice. 

The atherosclerotic pattern that spares the proximal 
vessels and allows these bypasses to be possible is certainly 
found in the minority of cases, perhaps only 10% to 20%. 
There was no angiographically demonstrable, hemodynam- 
ically significant disease proximal to the sites chosen from 
graft inflow. If there was any question about the suitability 
of the vessel for inflow, pressure measurements were taken 
after the SFA or popliteal artery was dissected and these 
values were compared with the radial artery pressure. 

In our series, we have used autogenous vein m all 
patients. The majority of bypasses employed saphenous 
vein, but in two patients arm veins were used. The value of 
autogenous vein is exemplified in the two patients who had 
progression of their native disease and whose vein grafts 
remained patent, allowing for further reconstruction. We 
do not believe that prosthetic graft material would have 
remained patent under these circumstances. 

Before bypass to the tibioperoneal vessels was an ac- 
cepted procedure, patients with distal ischemia and a 
palpable popliteal, but no distal pulse, usually underwent 
amputation.* Subsequent reports demonstrated the bene- 
fits of bypass to the distal vessels and that an attempt at 
reconstruction outweighed the risks of failure without 
raising the level of amputation as a consequence of graft 
thrombosis.’ The use of arterial reconstruction at all levels 
has been demonstrated to lower the level of amputation to 
minor rather than major proportions.” The fact that these 
grafts from the SFA or popliteal artery are shorter than 
those whose inflow is more proximal may be one reasen that 
their patency is superior to that demonstrated in most 
earlier reports of bypass to tibial peroneal vessels with 
inflow from the CFA. In our study, grafts that failed in the 
immediate postoperative period created a need for major 
amputation in three of four cases, but all grafts that failed 
beyond one week still resulted in salvaged limbs, without a 
requirement for further amputation. 

Atherosclerosis is the most common complication of 
diabetes, with many areas of epidemiologic and pathaphysi- 
ologic interplay between the two.” The fact that there is a 
pattern of atherosclerosis in diabetics that affects the 
tibioperoneal vessels most severely has been long appreci- 
ated, as demonstrated by clinical, physiologic,” and an- 
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giographic studies.’ That the majority of patients in our 
study were diabetic is a reflection of this pattern of disease 
in which the spared proximal circulation allows use of the 
SFA or popliteal artery as the inflow site. Figure 3 illus- 
trates good inflow to the popliteal artery with occlusive 
disease of the midpopliteal and tibial-peroneal vessels and a 
patent pedal arch. Figure 4 shows the bypass graft originat- 
ing from the proximal popliteal artery to the dorsalis pedis 
artery. 

A study in which casts were made of blood vessels in 
amputated limbs disclosed greater incidence of occlusion of 
calf vessels and less occlusion in foot vessels of diabetics 
compared with nondiabetics." This may be another factor 
that contributes to the success of these grafts, since they 
have a good outflow bed in the foot even for dorsalis pedis 
grafts. 

While large-vessel atherosclerotic macroangiopathy is 
widely recognized in diabetic legs, a controversy exists with 
regard to small-vessel disease or microangiopathy in the 
diabetic foot. The hallmark of diabetic microangiopathy is 
homogeneous, periodic acid-Schiff-positive thickening of 
the capillary wall due to basement membrane thickening. 
Microangiopathy unquestionably leads to progressive dis- 
ease of the kidneys, eyes, and nervous system and it is a 
widely held belief that it occurs in the diabetic foot.“ 
Opponents ef the idea that diabetics have occlusive micro- 
vascular disease of the foot argue that evidence presented in 
prospective blinded studies does not support its ex- 
istence.”” They suggest that a functional rather than 
anatomical abnormality of diabetic small vessels may con- 
tribute to the ulcerative lesions that occur in the diabetic 
foot. 

With modern techniques of evaluation and arterial recon- 
struction, our results are added to others that demonstrate 
that long-term salvage rates in diabetics are nearly identi- 
cal to those in nondiabetics." In fact, results of distal vein 
graft reconstruction originating from the superficial femo- 
ral or popliteal artery in our patients are comparable with 
those of any other group of patients with occlusive disease. 
Although disease limited to the calf vessels offers a 
challenging problem to the experienced vascular surgeon, 
successful bypass from the SFA or popliteal artery to the 
distal vessels can yield rewarding results. 


References 


1. Haimovici H: Patterns of atherosclerotic lesions of the lower extremity. 
Arch Surg 1967:95:918-933. 

2. Garrett HE, Kotch PI, Green MT, et al: Distal tibial artery bypass 
with autogenous vein grafts: An analysis of 56 cases. Surgery 1968;63:90- 
106. 

3. Noon GP, Diethrich EB, Richardson WP, et al: Distal tibial artery 
bypass: Analysis of 91 cases. Arch Surg 1969;99:770-775. 

4. Baird RJ, Tutassaura H, Miyagishmima RT: Saphenous vein bypass to 
the arteries of the ankle and foot. Ann Surg 1970;172:1059-1060. 

5. Shieber W, Parks C: Dorsalis pedis artery in bypass grafting. Ann 
Surg 1974;128:752-755. 

6. Veith FJ, Gupta SK, Semson RH, et al: Superficial femoral and 
popliteal arteries as inflow sites for distal bypasses. Surgery 1981;90:980- 
989 


7. Schuler JJ, Flanigan DP, Williams LR, et al: Early experience with 


220 Arch Surg—Vol 121, Feb 1986 





popliteal to infrapopliteal bypass for limb salvage. Arch Surg 1983;118:472- 
476. 


8. Wheelock FC, Transmetatarsal amputations and arterial surgery in 
diabetic patients. N Engl J Med 1961:264:316-320. 

9. Raviola CA, Nichter L, Baker J D, et al: Femoropopliteal tibial bypass: 
What price failure? Am J Surg 1982;144:115-123. 

1& Porter JM, Bauer GM, Taylor LM: Lower extremity amputations for 
ischemia. Arch Surg 1981;116:89-92, 

11. Steiner G: Diabetes and atherosclerosis: An overview. Diabetes 1981; 
30:1-7. 

12 Banner HB, Kaiser GC, Willman VL: Blood flow in the diabetic leg. 
Cire lation 1971;43:391-394. 

13. Conrad MC: Large and small artery occlusion in diabetics and 
nondiabetics with severe vascular disease. Circulation 1967;36:83-91. 

14 Goldenberg S, Alex M, Joshi RA, et al: Nonatheromatous peripheral 
vascular disease of the lower extremity in diabetes mellitus. Diabetes 1959; 
8:26 +273. 

15. Khettry U: Pathology of the diabetic foot, in Kozak GP, Hoar CS, 
Rowbotham JL, et al (ed): Management of Diabetic Foot Problems. Phila- 
delpkia, WB Saunders Co, 1984. 

16. Strandness DE, Priest RE, Gibbons GE: Combined clinical and 
pathelogic study of diabetic and non-diabetic peripheral arterial disease. 
Diabetes 1964;13:366-372. 

17. LoGerfo FW, Coffman JD: Vascular and microvascular disease of the 
foot in diabetics: Implications for foot care. N Engl J Med 1984;311:1615- 
1619. 


18. Auer AI, Hurley JJ, Binnington HB, et al: Distal tibial vein grafts for 
limb salvage. Arch Surg 1983;118:597-602. 


Editorial Comment 


This study adds to the growing body of evidence exploding the 
myth that only the CFA should be used as an inflow source for 
crural reconstruction. Clearly, in selected patients the distal 
superficial femoral or the popliteal arteries may be used as inflow 
sourees for such reconstructive procedures. To be successful, 
however, certain criteria must be met before using these segments, 
the most important of which is a relatively disease-free vessel 
proximal to the origin of the bypass. When extent of proximal 
disease cannot be determined from arteriographic studies alone, 
confirmation of inflow adequacy is required by operative pressure 
measurements. A pressure gradient greater than 15 mm Hg 
between arm and site of proximal anastomosis argues against use 
of the distal superficial femoral or popliteal vessels. 

That distal-distal bypass is a durable procedure is documented 
quite-clearly. The fear that progressive superficial femoral arterial 
occlusive disease proximal to the inflow anastomosis will lead to 
late failure is not supported by data from this study or other 
reports in the literature. Only one patient had progression of 
proximal disease causing recurrence of ischemic symptoms. How- 
ever, conclusive evidence that distal-distal bypasses are equal or 
superior to conventional common femoral-distal bypass must await 
a prospective randomized study that may be beyond practicality, 
since so few patients requiring distal revascularization have a 
relatively disease-free femoral popliteal segment. Assuming that 
patency rates between the two procedures are comparable, as 
documented by the present study, other advantages of using the 
distal superficial femoral or popliteal arteries include requirement 
for a shorter vein conduit, thereby theoretically decreasing graft 
resistance; avoidance of groin wound complications; and increased 
utilizetion of autogenous vein segments that may not be otherwise 
satisfactory for conventional femoral-distal reconstruction. 

This study also emphasizes the need for aggressively evaluating 
patierts with distal ischemia and palpable popliteal pulses who 
may be candidates for distal-distal reconstruction. All hope is not 
lost fcr such patients, particularly diabetics, because it appears 
that limb salvage results are comparable with nondiabetics. 

CALVIN B. Ernst, MD 
Detroit 
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One-Stage Simple Mastectomy 


* With Immediate Reconstruction 


V 


for High-Risk Patients 


An Improved Technique: The Biologic Basis 


for Ductal-Glandular Mastectomy 


Kirby I. 3land, MD; Baron O’Neal, MD; Leonard J. Weiner, MD; Gordon R. Tobin II, MD 


è The heterogeneity of human breast carcinoma appears to 
be a cumulative interrelationship of genetic and environmental 
factors that may be identifiable with a high risk for car- 
cinogenesis. Until breast cancer prevention is realized, one- 
stage tctal ductal-glandular mastectomy with immediate re- 
construction may be offered as an alternative to simple 
mastectomy for women at high risk for developing cancer. This 
technique affords the complete extirpation of breast tissue at a 
deep plane with flaps that are identical in thickness to those 
elevatec in classic mastectomies for invasive cancer. Breast 
reconstruction with submuscular prostheses in a one-stage 
procedure givesian aesthetically acceptable result. The role of 
ductal-qlandular mastectomy as prophylaxis for invasive car- 
cinoma warrants future prospective trials. 

(Arch Surg 1986;121:221-225) 


he role of elective mastectomy as prophylaxis for car- 
cinema of the breast remains controversial. The lack of 
adequate data eorrelating extent of resection with survival 
and disease-free interval has raised important questions 
about tre procedure’s efficacy. As these questions remain 
unanswered, acequate prospective studies are needed. 
This report o-fers an alternative to one-stage simple and 
subcutaneous mastectomies when indicated for the “pre- 
cancerous state.” This procedure is not to be considered a 
definitive operation for established invasive carcinoma of 
the breast but represents a cosmetically acceptable proce- 
dure that follows the classic principles of ablative surgery to 
remove breast tissue in the high-risk category. 
Subeataneous mastectomy by the inframammary ap- 
proach 1as previously been described as a preventive proce- 
dure far breas= carcinoma in high-risk individuals. This 
technique has been criticized for its failure to extirpate the 
entire gland, with residual breast parenchyma remaining at 
deep planes, ineluding the axillary tail, and on breast flaps 
followirg mastectomy. Often, resection of breast paren- 
chyma 2n blec is not accepted by the patient unless a plan 
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for reconstructive surgery can be offered. Performance of a 
one-stage procedure following mastectomy offers an op- 
timal therapeutic and reconstructive effort for those at risk 
for breast carcinogenesis. 


TECHNIQUE 


The techniques described represent a combination of technical 
qualities of the simple mastectomy and the aesthetic attributes of 
the subcutaneous mastectomy. Individuals considered candidates 
for ductal-glandular mastectomy (DGM) include those with (1) a 
clearly established familial history of carcinoma of the breast, (2) 
proliferative fibrocystic disease of the breast (FCDB) in which 
lobular or epithelial hyperplasia/atypia has been confirmed, (3) a 
history of carcinoma in the contralateral breast, or (4) clinical and/ 
or xeromammographic (XMM) indications for repeated breast 
biopsy in previously established proliferative FCDB. 

Ductal-glandular mastectomy represents a combination of previ- 
ously described operative techniques.’ Figures 1 and 2 depict the 
design of the skin and nipple-areolar incision utilized. The nipple is 
excised in a circumferential fashion and remains in continuity with 
the glandular breast specimen following flap elevation. A trans- 
areolar or circumareolar incision is made from the nipple medially 
and extends over the lateral portion of the breast in a “lazy S” 
pattern. This technique is similar to that described by Corso and 
Zubiri' with the modification that the incision medial to the areola 
is omitted. This incision, which may be extended laterally, affords 
sufficient exposure of the operative field for meticulous, thorough 
dissection of the axillary tail. 

Flap elevation is created in a manner identical in thickness and 
anatomic extent to the modified radical mastectomy (Fig 3). The 
axillary tail of the breast is dissected in continuity with the lowest 
axillary nodes (level I), which are sampled en bloc with the 
specimen. The fresh breast specimen is submitted for immediate 
sampling and gross inspection with frozen-section analysis of 
suspicious areas for carcinoma. If invasive or in situ lesions are 
evident, immediate reconstruction is delayed for 12 months. 

Immediate reconstruction is accomplished by blunt dissection of 
the plane beneath the pectoralis major and serratus anterior 
muscles (Fig 4). A breast prosthesis of silicone gel, or a combina- 
tion of silicone and saline solution, is placed in the dissected 
submuscular plane anterior to the pectoralis minor and rib cage. 
Use of fascia of the rectus abdominus muscle may be necessary to 
envelop the prosthesis and may be accomplished following dissec- 
tion of inframammary skin and subcutaneous planes from the chest 
wall (Fig 5). In practice, the inframammary fold of the breast 
contour may be compromised or lost in the reconstruction. If flap 
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| Fig 1.—Circumferertia! nipple incision extended transareolarly and 
_____in “lazy S” pattern over lateral portion of breast. Nipple and ductal 
system remain with breast specimen. 


Ss Fig 3.—Flap elevation via circumareolar incision with development 
i of skin thickness and extent of dissection identical to modified 
A radical mastectomy technique. 
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Fig 2.—When preexisting para-areolar scar is present, or inferior 
skin envelope must be reduced, circumareolar incision is used. 
Nippre ts circumscribed as in Fig 1. 
~ 


Fig 4.—Entering submuscular plane via muscle-splitting incision of 
serretus anterior at fifth rib level, serratus anterior muscle origins 
are avulsed from their ribs to beyond sixth rib and blunt dissection of 
sub—pectoralis major plane is continued superiorly to clavicle and 
medially to sternum. 





One-Stage Simple Mastectomy—Bland et al 





Pectoralis Major- 
Serratus Anterior 
Muscle Flap 


Prosthesis 


Rectus Abdominus 
Fascia 


Fig 5.—Siliconebreast prosthesis placed beneath pectoralis major- 
serratus anterior muscle flap. Superiorly based rectus abdominus 
fascial “lap may De needed to provide total envelope for prosthesis. 


viability is questioned following placement of the prosthesis, 
fluorescein sodiam is administered intravenously and cireulation is 
confirmed by Wood’s lamp fluorescence of adequately perfused 
tissues. Delay in reconstruction is advised if skin perfusion is 
marginal; the prosthesis is removed and primary skin closure is 
accomplished. 

Pursestring elosure of the central areola is used te create a 
neonipple (Fig6). The remaining areolar skin and lateral breast 
incision are closed in layers with absorbable suture with the final 
layer placed intradermally for maximum cosmesis. 


RESULTS 


Becween August 1978 and August 1983, there were 2,969 
operative precedures performed for breast disease in two 
University of Louisville affiliated hospitals. During this 60- 
month period, 875 of these operative procedures were 
perfermed fer stage I breast cancers; the majority were 
maneged by modified radical mastectomy. Ductal-glan- 
dular mastectomy with immediate reconstruction was per- 
formed on 24 breasts of 14 patients (0.47% of the total 
number of breast procedures). For four patients, DGM of 
the contralateral breast was performed subsequent to a 
modified radical mastectomy for stage I carcinoma. The 
average patient age was 42 years (range, 23 to 59 years). 
Average follow-up was 18 months, and mean hospital stay 
was 8.5 days. Complications were observed early in three 


_ patients and late in one patient. Two patients experienced 


partial loss of the areolar margin that required revision. 
Submuscular hematoma requiring aspiration was observed 
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Fig 6.—Completion of closure with pursestring apposition of central 
areola to create neonipple. 


in one patient, and closed capsulotomy was required in 
another patient. Pathology reports of surgical specimens 
consistently revealed changes of florid FCDB and included 
sclerosing adenosis, intraductal epithelial hyperplasia with 
atypia, and apocrine metaplasia. Axillary nodal specimens 
from all 24 breasts were benign. Breast symptoms and 
XMM findings could not be correlated with pathologic 
lesions of the DGM specimens. 


COMMENT 


Though well-established techniques are currently availa- 
ble for immediate breast reconstruction, it is nonetheless 
questionable whether these techniques will have a deleteri- 
ous effect on the prognosis of patients with breast car- 
cinoma. General surgeons are currently asked to perform 
more selective and conservative mastectomies for various 
stages of breast cancer. Indeed, the Halsted radical mastec- 
tomy is being utilized with reduced frequency, while se- 
lected patients with less-virulent forms of breast carcinoma 
are being treated with operations that provide maximum 
tissue conservation. 

The necessity of determining which patients are at high 
risk for breast cancer and offering these patients prophy- 
laxis is evident. Screening procedures with both XMM and 
self-examination to identify early cancers have met with 
criticism. The value of XMM in the diagnosis of breast 
cancer, especially in the young patient, is obscured by the 
controversy concerning the routine use and efficacy of 
mammography in such a setting.** Furthermore, self-ex- 
amination has failed as a consistent and reliable method for 
early detection.’ A patient who has a first-degree relative 
with breast carcinoma is at a statistically significant risk for 
all pathologic stages of malignancy.” Increasing relative 
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risk for positive family history of breast carcinoma among 
cancer cases and controls ranges from 1.8 to 5.6.” Though 
not all women with a positive family history for breast 
carcinoma are at the same high risk for developing the 
disease, a woman whose mother has had breast cancer is at 
increased risk of 80%. A woman with a sister and mother 
with breast cancer is at inereased risk of 150%." The effect 
of menopausal status of relatives on development of car- 
cinoma of the breast and bilateral disease also alters risk 
factors. If premenopausal or bilateral disease or both have 
involved the mother (rather than other relatives), the risk 
for sisters 20 to 29 years of age increases to as great as 50 
times the risk in the general population.* 

For the individua! with a medical history of unilateral 
breast carcinoma, the probability of developing neoplasia in 
the contralateral breast approaches 0.7% to 1% per annum 
for life with an incidence probability of 15% to 20%." Other 
individuals at high risk for development of carcinoma are 
those with biopsy showing specific histologic changes re- 
flective of premalignant disease. There is strong evidence 
that sclerosing adenosis, lobular neoplasia (hyperplasia or 
carcinoma in situ), intraductal hyperplasia, and papilloma- 
tosis occur in association with carcinoma." It is not known 
whether mastopathy is a premalignant lesion, nor is it 
known whether mastopathy and breast cancer share com- 
mon, perhaps humoral, determinants. Other pathologic 
conditions have been reported in association with an in- 
creased risk of breast cancer, including obesity, hyperten- 
sion, and reduced glucose tolerance.* The recurrence of 
FCDB, following biopsies in individuals with suspicious 
XMM studies, leads to repeated biopsies that result in 
scarred, malformec breasts that are difficult to evaluate for 
malignant neoplasm. These patients are also ina high-risk 
group. 

The goal of DGM is the removal of all breast parenchyma 
deep to the skin flap of the involved breast. Though it is 
impossible to consistently remove all breast tissue in any 
mastectomy procecure, this technique employs oncologic 
surgical principles similar to those for the classic modified 
and radical mastectomy techniques. Goldman and Gold- 
wyn” demonstrated in cadavers and in living women that 


_ 10% to 15% of breast tissue remains with completion of a 


meticulous subcutaneous mastectomy. They noted residual 
breast parenchyma beneath the areola and in the axilla. One 
sixth of the tissue specimens, taken from the most distal 
areas of dissection in radical and modified radical mastec- 
tomies, were found to have residual breast tissue. It must 
be assumed that this residual breast parenchyma has 
carcinogenic potential, although the magnitude of the risk 
is uncertain. Klamer et al addressed the question of 
whether the quantity of cancer-prone tissue present in the 
individual who is uniformly exposed to a carcinogen will 
increase risk, and if subtotal resection accomplished by 
subcutaneous mastectomy will reduce risk. The conclusion 
from their rat mode! study suggested that surgical reduc- 
tion of mammary tissue did not result in a reduction in the 
incidence of carcinoma.” The significance and application of 
these data in humans is unknown and warrants future 
prospective studies. 
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As reduction of breast parenchyma is the goal of DGM, 
sacrifice of the duct-risk tissue of the nipple is critical for 
prophylaxis. The reported incidence of nipple involvement 
ranzes from 8% to 50% in mastectomy specimens with 
established carcinoma.” Although Stiles” originally 
asserted that breast tissue is present in the skin of the 
breast flap, we have chosen to design skin flaps comparable 
with those elevated in a classic mastectomy for cancer. 
Kron et al” compared flap thickness as a function of cancer 
recurrence for patients undergoing radical mastectomy. 
These authors concluded that five- and ten-year survival 
and local recurrence rates were comparable, whereas 
wound complications, hospital stays, and subsequent 
lymphedema were significantly greater with the use of thin 
flaps and had no therapeutic advantage. We concur with the 
observations of Schwartz* that DGM must be used to 
achieve true prophylaxis of breast carcinoma. The term 
subcutaneous mastectomy implies that residual breast 
parenchyma will remain on superficial and deep planes. 
Though the nipple-areolar complex must be sacrificed in 
invasive carcinoma, we believe preservation of the areola as 
a non—ductal-bearing organ is justifiable in the high-risk 
patient. Using this technique, maximum cosmesis is 
achieved, and a silicone prosthesis may be implanted sub- 
muscularly as a one-stage or delayed two-stage procedure. 
The timing of the reconstructive effort for invasive car- 
cinoma is contentious; however, the arbitrary decision to 
delay reconstruction before stage I and selected stage II 
disease beyond two years cannot be justified.” 

Breast conservation employing segmental mastectomy 
and rediotherapy techniques has become an acceptable local 
therapy for invasive breast carcinoma. We do not argue, nor 
are there data to support the contention, that the total 
glandalar mastectomy will prevent carcinogenesis. Most 
importantly, confusion in the literature continues to em- 
brace the ultimate risk of the individual with FCDB. 
Buehler® points out that this nonspecific term collectively 
labels a variety of histologic findings. As noted by Kinne 
and DeCosse,*” McDivitt,* and others,*** there is evidence 
that lesions characterized by epithelial proliferation and 
cellular atypia have the greatest risk of invasive cancer, 
althouzh these changes are stated to be nonobligatory and 
appear to be potentially reversible.” Though risks associ- 
ated with the finding of premalignant epitheliosis have not 
been clearly established, several studies** suggest a 2.5- 
fold to fivefold risk increase. When correlated with patient 
age,” positive family history, and previous breast car- 
cinoma, these may be important to “cumulative predisposi- 
tion” as described by others.*°“ 

Though DGM in this series was primarily a therapeutic 
attempt to control proliferative FCDB, the role of DGM as 
prophylaxis for cancer awaits prospective studies. The 
patient's familial history and associated risk factors of age, 
premerstrual status, and history of breast carcinoma 
should be considered in the selection of patients for DGM.” 
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invited Editorial Comment 


The authors present a variation of the technique of mastectomy 
for prophylactic reasons in high-risk patients. I think it is impor- 
tant for clinicians who treat patients with breast diseases to be 
aware of the improved results that are available in certain select 
cases as a result of the cooperation of the general surgeon and the 
plastic surgeon in providing a meaningful operation as well as a 
good cosmetic result for their patients. 

However, it is important to keep this technique in perspective. It 
is not possible for any surgical technique to remove all of the breast 
tissue unless the entire breast and the overlying skin are removed. 
Although there are a number of surgeons who criticize sub- 
cutaneous mastectomy because of the amount of breast tissue they 
leave behind, what everyone is really quibbling about are the 
differences in the amount of microscopic breast tissue left behind 
in the skin, among the procedures described as subcutaneous 
mastectomy, simple mastectomy, modified radical mastectomy, 
and the true radical mastectomy. They are all talking about 
differences of less than 1% compared with the entire breast gland 
itself, and I think this makes the entire argument a moot point. 

The authors cerrectly point out that there are no data to support 
the belief that subcutaneous mastectomy or total glandular 
mastectomy will prevent breast cancer, nor do they argue this 
point. They provide the criteria for selecting the patients who may 
be candidates for removal of the breast while it is reconstructed to 


_ an acceptable (and sometimes to an improved) final result. There 
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are a small number of prominent surgeons who have argued at a 
national level (at national surgical meetings as well as in the 
literature) against subcutaneous mastectomy and who have con- 
demned this operation; it is unfortunate that while they claim a 
scientific argument for their position, they present only anecdotal 
data. I think it has been improper for surgeons to have quoted 
these individuals without publishing data substantiating their 
arguments. 

The essence of the problem is that there is, at present, little 
clinical information available. A large number of cases compiled by 
Pennisi and Woods (Plast Reconstr Surg 1979;64:402-403 and Ann 
Plast Surg 1983;11:541-550, respectively) showed that the risk of 
malignant transformation in these patients is low, but we must 
keep in mind that we do not have adequate information on the 
denominator, the number of patients who have the same risk 
factors and do not undergo subcutaneous mastectomy, and their 
eventual outcome. Indeed, it will take an experience of ten to 20 
years to be able to determine whether or not the incidence ofbreast 
cancer following subcutaneous mastectomy or total glandular 
mastectomy is lower when compared with the expected inddence 
in the normal population. Meanwhile, the present techniques of 


reconstruction make this a reasonable alternative for eertain — 


selected patients. 
STEPHAN ARIYAN, MD 
New Haven, Com 
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ie PROLONGED ANALGESIA 
FOR UP TO 6 HOURS, 


According to a U.S. analgesic survey. morphine or meperidine 
are generally dosed every four hours or less.! In contrast, the 
most common interval between BUPRENEX injections, is 
approximately six hours based on extensive European clini- 
cal experience.”* While individual patient response varies, 
this significant increase — up to 50% — in duration of anal- 
gesia brings patients a step closer to pain-free postoperative 
recovery. | 

This longer duration of analgesia has been confirmed 
repeatedly: 









è In a double-blind study with meperidine following ab- 
dominal gynecological surgery, the average time between 
injections with BUPRENEX was over three times longer 
than with meperidine.‘ In a separate trial among cholecys- 
tectomy patients, following patient-controlled analgesia, 
BUPRENEX lasted more than twice as long as meperidine.’ 


HRS. 
X e A third study of hysterectomy patients showed the mean 


duration of analgesia with a single dose of BUPRENEX to 
be 2 hours longer than morphine.° 


An excellent safety profile. 


è BUPRENEX is highly unlikely to produce physical addic- 
tion and has minimal effect on the cardiovascular system 
(hypotension, 1%-5%, others <1%). 


è BUPRENEX has a less restrictive respiratory profile than 
morphine. At 0.3 mg, respiratory effects of BUPRENEX are 
comparable to those seen with equianalgesic (10 mg) doses 
of morphine. Unlike the steep dose-response curve of mor- 
phine for respiratory depression, the shallow-sloped curve 
of BUPRENEX becomes apparent at doses slightly above its 
therapeutic range. 


age insert regarding effects on respiration and treatment of respiratory depression. 
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_ DESCRIPTION: BUPRENEX (bup enorphine hydrochloride), is a narcotic under the Controlled Sub- 
dete a 





(1. l-dimethylethyl}4. 5-epoxy-18. 19-dihydro-3. 
hydroxy-6-methoxy-a-methyl-6. tein 
morphinan-7-methanol. hydrochloride [5a. 7c(S)]. 
is a white powder, 
weakly acidic and with limited solubility in water 
BUPRENEX is a clear. sterile. injectable agonist- 
t intravenous or in- 
tramuscular administration. Each ml of BUPRENEX 





j TY dr 
E pE ine hydrochloride has the molecular `-CH, 
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Ho” Sec), 

renteral opiate analgesic approximately 30 times 
as potent as morphine sulfate. The onset of analgesic effect occurs 15 minutes after intramuscular 
injection and persists up to 6 hours. Peak i activity usually is observed at 1 hour. When 
used intravenously, the time to onset and peak effect are shortened. 

The limits of sensitivity of available analytical methodology precluded demonstration of bio- 
equivalence between intramuscular and intravenous routes of administration. In postoperative 

tients. cokinetic studies have shown elimination half-lives ranging from 1.2-72 hours 

mean 2.2 hours) after intravenous.administration of 0.3 mg of buprenorphine. 

Buprenorphine. in common with morphine and ther phenol opiate analgesics, is metabolized 
by the liver and its clearance is related 5 ic blood flow. Studies in patients anesthetized with 
0.5% halothane have shown that this anesthetic decreases hepatic blood flow by about 30%. This 
would lead to a decrease in buprenorphine clearance with a consequent small increase in plasma 
levels of buprenorphine As such changes are unimportant clinically and do not persist in the 
postoperative phase, dosage a ts are not required. 

Mechanism of Analgesic Action: The exact mechanism of action of BUPRENEX has not been 
established. It has been proposed that BUPRENEX exerts its analgesic effect via high affinity 

binding to the opiate receptors in the ce-tral nervous system. 

BUPRENEX is a partial at one subclass of opiate receptors. In vitro and in vivo studies 


_ have shown that BUPRENEX has a high affinity for the u subclass and dissociates from this 


receptor slowly. It is believed that these qualities of receptor binding contribute to the long 
duration of action and low level of physical ndence seen with BUPRENEX. 
Narcotic Antagonist Activity: Buprenorphine demonstrates narcotic antagonist activity and 
s ben shown to be equipotent with rzloxone as an antagonist of morphine in the mouse tail 
test. 
Cardiovascular Effects: 5UPRENEX may cause a decrease or, rarely. an increase in pulse rate 
and blood pressure in some patients. 
Effects on Respiration: A therapeutic dose of BUPRENEX (0.3 mg buprenorphine) can decrease 
_ respiratory rate in amequivalent manner to an equianalgesic dose of morphine (10 mg). One clinical 
study in normal volunteers indicated the: the dose response curve for respiratory depression up to 
L2 mg was shallow. In another study im which BUPRENEX was administered in doses generally 
well in excess of those recommerded, there was no clinically significant alteration in respirato 
uency. depth. and pattern. anc in serial arterial blood gases These data Suggest that a though 
the antagonist activity of enorphine becomes manifest at doses slightly above the recom- 
mended therapeutic range. in the recommended therapeutic range may produce severe 
respiratory depression in predisposed individuals (see WARNINGS). 
INDICATIONS AND USAGE: BUPRENEX is indicated for the relief of moderate to severe pain. 
CONTRAINDICATIONS: BUPREN=X should not be administered to patients who have been 


_ shown to be hypersensitive to the drug. 


WARNINGS: Use in Narcotic-De ent Patients: Because of the narcotic anta onist activity of 
. individual may result in withdrawal effects. 

Respiration: There have been occasional reports of clinically significant respiratory 

depression associated with buprenorphine. BUPRENEX should be used with caution in patients 

with either compromised respiratory fumction \e.g.. chronic obstructive pulmonary disease. cor 

nale, decreased ratory reserve hypoxia. hypercapnia. or preexisting respiratory depres- 


~ sion). or patients given other mnt drugs. In patients with respiratory depression 
: some 


naloxone or doxapram may be nefit, but in some patients these agents were not entirely 
effective. The use of assisted or controlled ventilation may be necessary. (See OVERDOSAGE.) 

Use in Ambulatory Patients: BUPRENEX may impair the mental or physical abilities required 
tentially dangerous tasks such as driving a car or operating machinery 
Therefore, BUPRENEX should be adminiszered with caution to ambulatory patients who should be 
warned to avoid such hazards 

Head Injury and Increased Intracranial Pressure: BUPRENEX. like other potent analgesics. 
may itself elevate cerebrospinal fluid pressure and should be used with caution in head injury. 
intracranial lesions and other circumstances where cerebrospinal pressure may be anai 
BUPRENEX can produce miosis and changes inthe level of consciousness which may interfere with 
patient evaluation. 

Interaction with Other Central Nervous System Depressants: Patients receiving other nar- 
cotic analgesics, general anesthetics. phenothiazines. other tranquilizers, sedative hypnotics or 
other CNS depressants (including alkohol) concomitantly with BUPRENEX way exhibit an additive 
CNS depression. When such combined therapy is contemplated. the dose of one or both agents 
‘should be reduced. 

PRECAUTIONS: General: BUPRENEX should be administered with caution in the elderly or 
debilitated and those with severe impairment of hepatic. pulmonary. or renal function; myxedema 

dison's disease); CNS depression or coma: 
toxic prostatic hypertrophy or urethral stricture: acute alcoholism: delirium tremens. or 
kyphoscoliosis. Naloxone is only partially effective in reversing the respiratory depression pro- 
duced by BUPRENEX. Therefore. the primary management of BUPRENEX overdose should be 
mechanical assistance of respiration. (See OVERDOSAGE Treatment section) 

Because BUPRENEX ts metabolized by the liver, the activity of BUPRENEX may be altered in 
unction. 


BUPRENEX has been shown to increase intracholedochal pressure to a similar degree as other 


oe analgesics. and thus should be administered with caution to patients with dysfunction of 
the 


biliary tract. 
_ Information for Patients: The effects af BUPRENEX. particularly drowsiness. may be potenti- 


_ ated by other centrally acting agents such as alcohol or benzodiazepines. It is particularly important 


that in these circumstances patients must not drive or operate machinery. BUPRENEX has some 


ama he effects similar to morphine which in susceptible patients may lead to self-adminis- 
_ tration of 


drug when pain no longer exists. Patients must not exceed the dosage of BUPRENEX 
prescribed by their physician. Patients should be urged to consult their physician if other prescrip- 
tion medications are currently being used or are prescribed for future use. 

Interactions: Although specific information is not presently available. care should be 
in combination with central nervous system depressant drugs and 
MAO inhibitors. Drug interactions commor to other potent opiate analgesics may also occur with 
BUPRENEX (see WARNINGS). There is one report of respiratory and cardiovascular collapse in a 
patient who received therapeutic doses of =UPRENEX and diazepam. There is another report of a 

interaction between BUPRENEX and phenprocoumon in which a purpuric response was 


nt of Fertility: The effects cf BUPRENEX on fertility and gestation indices were 

by the subcutaneous ard intramuscular routes at doses 10 to 1,000 times the 
proposed human doses. Dystocia was noted in dams treated with 1,000 times the human dose. No 
on fertility or gestation were noted im these Segment I studies. 
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ton from thebaine. Chemically. it is 17-(cyclopropylmethy])-«- 


Molecular weight: 
504.09 


i Category C. | t 
de et tegory C. Reproduction studies Reece performed in the rat at doses 


i 10 to 1,000 times the proposed human dose taneous and intramus- 
cuiar “outes and 160 times a sed basa d by the intravenous route, By the intramuscu- 
larroate, BUPRENEX produced mild but statistically significant (p < 0.05) -implantation losses 


p ~ COI) at 1,000 times the propo 
16C times the proposed human dose of BUPRENEX caused a slight increase in post-implantation 


are no adeq pregnant women. BUPRENEX should be 
used Guring g pregnancy on if the potential benefit justifies the potential risk to the fetus. 
owed 2 Delivery: The safety of BUPRENEX given during labor and delivery has not been 
esta i 
Mursing Mothers: An apparent lack of milk production duri ral reproduction studies 
wita BUPRENEX in rats caused decreased viability and lactation in Bag is nk 
whether or not BUPRENEX is excreted in human milk 


ADYEESE REACTIONS: The most frequent side effect in clinical studies involving 1.133 patients 
was sedation which occurred in approximately two-thirds of the patients. Although sedated, these 
patients could easily be aroused to an alert state. 


Other ess frequent adverse reactions occurring in 5-10% of the patients were: 


Nausea Dizziness/Vertigo 

Occarr ng in 1-5% of the patients: 

Sweating Vomiting Headache Hypoventilation 
Hypotension Miosis Nausea/Vomiting 


Tue folling adverse reactions were reported to have occurred in less than 1% of the 
paticns: 

CBS Effect: confusion, blurred vision, euphoria, weakness/fatigue. dry mouth, nervousness. 
depresson, slurred speech. paresthesia. 

Cardovascular: hypertension, tachycardia, bradycardia. 

Gestaointestinal: constipation 

Respwatory: dyspnea, cyanosis. 

Dermatological: pruritus. 

htaalmological: diplopia. visual abnormalities. 
ellaneous: injection site reaction. urinary retention. dreaming. flushing/warmth. chills/ 
cold. tinnitus, conjunctivitis, Wenckebach block. and psychosis. 

Otner effects observed infrequently include malaise. hallucinations, depersonalization, coma, 
dysp-psa. flatulence. apnea. rash. amblyopia. tremor and pallor. 

following reaction has been reported to occur rarely: loss of appetite. In addition. single 
repors p= dysp ND; diarrhea. urticaria. and convulsions/lack of muscle coordination 
reported. 

In the United Kingdom. buprenorphine hydrochloride was made available under monitored 
release ægulation during the first year of a and yielded data from 1.736 physicians on 9.123 
poan «17.120 administrations). No important new adverse effects attributable to buprenorphine 

ydrochoride were observed. 

DRUC ABUSE AND DEPENDENCE: Buprenorphine hydrochloride is a partial agonist of the 
morpaine type; i.e., it has certain opioid pones which may lead to psychic dependence of the 
morpaine due to an opiate-like euphoric component of the drug. Direct dependence studies 
have -hawn little ikala ndence upon withdrawal of the drug. However, caution should be 
used sn prescribing to individuals who are known to be drug abusers or ex-narcotic addicts. The 
drug may not substitute in acutely dependent narcotic addicts due to its antagonist component. 
OVERDCSAGE: Manifestations: Because of the antagonist properties of BUPRENEX at higher 
doses. its safety in acute overdosage is expected to be greater than that of other opioid analgesics. 
However there is limited experience of accidental or intentional overdosage at the present time. 
Doses 10%0 20 times the normal 0.3 mg dose of BUPRENEX have been administered intravenously 
without pedei Gnicallpsignificant respiratory effects. Extrapolating from the animal pharma- 
cology. of the agent. large doses may produce CNS depression with manifestations in the respira- 
tory and <ardiovascular systems. In rodents. the lethal dose is at least 1.000 times the effective 
dose. Th- LDso in mice was 26, 94, and 261 mg/kg for intravenous. intraperitoneal. and oral 
admimstation. r tively. The LDso in the rat was 30,243, and 600 mg/kg for intravenous, 
intraperitoneal. and oral administration, respectively. 

Treatment: The respiratory and cardiac status of the patients should be monitored carefully. 

-ttention should be given to the reestablishment of adequate respiratory exchange 
Sie provision of a patent airway and institution of assisted or controlled ventilation. Oxygen, 
intravenous fluids, vasopressors, and other su 
Experien@ has shown that naloxone may be of value in the management of buprenorphine 
overdcsage. Doxapram (a respiratory stimulant) also has been used. 
DOSAGE AND ADMINISTRATION: The usual dosage for persons 13 years of age and over is 1 ml 
BUPRENEX (0.3 mg buprenorphine} given by intramuscular or slow intravenous injection at up to 
6-hour intervals as rented 

Occasicaally. it may be necessary to administer up to 0.6 mg depending on the severity of the 
pain and the response of the patient. At this time, there is insufficient data to recommend single 
doses gre=er than 0.6 mg for long-term use. 


rtive measures should be employed as indicated. 


Pareatesal drug products should be inspected visually for particulate matter and discoloration + 


prior tc a&ministration. whenever solution and container permit. 
HOW SUP°LIED: BUPRENEX (buprenorphine hydrochloride) is supplied in clear glass snap-ampuls 
of 1 ml 0. > mg buprenorphine). NDC 0149-0757.01 
Avoiel e> cessive heat (over 104°F ar 40°C). Protect from prolonged exposure to light. 
CAUTION Federal law prohibits dispensing without prescription. 
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- Double-Lumen, Silicone Rubber, 
Indwelling Venous Catheters 


A New Modality for Angioaccess 


Harry Schanzer, MD; Steven Kaplan, MD; Juan Bosch, MD; Sheldon Glabman, MD; Lewis Burrows, MD 


e This report presents our experience using double-lumen, 
silicone rubber, indwelling central venous catheters with a 
subcutaneous Dacron cuff as access for hemodialysis. 
Twenty-seven catheters were placed in 27 patients through 
venous cutdowns. A 10-cm subcutaneous tunnel was created 
leaving the Dacron cuff 2 cm from the external exit. Sixteen 
Raaf catheters (lumen diameter [LD], 1 mm), three double- 
lumer Hickman catheters (LD, 1.6 mm) and eight HemoCath 
catheters (LD. 2 mm) were used. The tip of the catheter 
was positioned fluoroscopically in either the superior vena 
cava er the right atrium. One hundred fifty-nine treatments 
were done with the Raaf catheters (mean blood flow [MBF], 
188.1+26.4 mL/min); two of these catheters became ob- 
structed and could not be used further. Three double-lumen 
Hickman catheters were used in 12 hemodialysis treat- 
ments (MBF, 216.3+27.1 mL/min). One hundred fifty-five 
treatments were done using the HemoCath catheters (MBF, 
236.7+5.5 mi/min). The degree of recirculation of these 
catheters was 8.56%+4.34%. The major advantages of this 
modality include simplicity of introduction, lack ef serious 
complications, no sacrifice of major arteries, no need for 
venipuncture. and potential use in either short- or long-term 
hemadialysis. 

(Arch Surg 1986;121:229-232) 


ke demand for angioaccess in chronic renal failure is 
steadily imcreasing. There is now a yearly incidence of 
13,000 patients with renal failure maintained on hemodialy- 
sis with an estimated prevalence of 130,000 patients." How- 
ever, despite multiple available modalities, angioaccess 
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continues to be a major problem in providing effective 
hemodialysis. 

Temporary angioaccess for hemodialysis was pioneered 
by both Quinton et al’ and Scribner et al’ in 1960. In 1966, the 
arteriovenous fistula was described by Brescia and co- 
workers.‘ Secondary modifications were described using 
saphenous vein autografts, polytetrafluoroethylene 
(PTFE), and bovine heterografts.”" In 1969, Erben et al’ 
described the first routine use of percutaneous cannulation 
of the subclavian vein for hemodialysis. In additicn, Uldall 
et alë described development of a single-needle, subclavian, 
hemodialysis catheter. However, a variety of complications 
have been described with all these access routes.*” Conse- 
quently, there is a need for an angioaccess route that will be 
durable, safer, and easier to place. There have been a 
number of reports using double-lumen, subclavian cathe- 
ters, inserted under direct vision, for short-term access in 
hemodialysis” as well as for long-term peripheral hyperali- 
mentation. While complications have been reperted, the 
obvious advantages are twofold: (1) there is no need for 
repeated venipuncture; and (2) no arteries are sacrificed. In 
this report, we have described our experience using three 
different types of indwelling catheters for either short- or 
long-term hemodialysis. 


PATIENTS AND METHODS 


Patients requiring angioaccess for hemodialysis were assigned 
to one of three groups. Group 1 (16 patients) received a double- 
lumen catheter (Raaf Dual Lumen Catheter, Quinten, Seattle) 
with an internal diameter of 1 mm (priming volume, 
2.7 mL/channel). Group 2 (three patients) received a double-lumen 
Hickman catheter (Hickman Dual Lumen Catheter, Evermed, 
Medina, Wash) with an internal diameter of 1.6 mm (priming 
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Indication Days in No. of Dialysis Mean Blood Flow to Type 


Reasons for 
Dialyze-, mL/min 


Patient No./Age, yr tor Dialysis Place 


E 
L r 








Treatments 
2 
1 
6 


of 
Catheter Complications 


Removal 
3/73 10 170 Raaf Death 


ARF 


18/52 ESRD 


20 6 20E he 
Hickman 
19/46 ESRD 13 2 225 Double4+umen Catheter port AV fistula 
Hickman cracked 
20/55 ESRD 73 27 244.2 emoCath ays PTFE graft 
46 


Catheter port 





CAPD 
Hickman 


Double-lumen AV fistula 


H 
ARF 9 3 230.4 


27/74 


HemoCath rei Death 


*ESRD indicates end-stage renal disease; CAPD, continuous ambulatory peritoneal dialysis; ARF, acute renal failure; AV, arteriovenous; and PTFE, 


polyfluoroethylene (Goretex). 


volume, 0.7 mL/channel). Group 3 (eight patients) received a 
double-lumen, silicone rubber catheter (HemoCath, Quinton, 
Seattle) with an internal diameter of 2 mm (venous priming 
volume, 1.3 mL/channel; arterial priming volume, 1.25 mL/chan- 
nel). 

Implantation of the cathetersoccurred in the operating room and 
under strict aseptic conditions according to the technique previ- 
ously described by Hickman et al and Heimbach and Ivey.® The 
right or left external or internal jugular vein was isolated througha 
small neck incision. A 10-cm subcutaneous tunnel was then cre- 
ated, which extended from the incision to a point 2 cm below the 
ipsilateral clavicle. Using the tips of a long forcep, the catheter was 
passed out through the upper portion of the subcutaneous tunnel 
with the Dacron felt cuff sealant placed 2 em from the lower end of 
the tunnel, acting as bothan anchor and a barrier to infection. Raaf 
and double-lumen Hickman catheters were measured against the 
chest wall to estimate the length of the catheter needed to reach the 
superior vena cava or right atrium and were transected at that 
point. One lumen was trimmed 2 em shorter than the other The 
shorter lumen was intended for blood withdrawal and the longer 
one for return. The HemoCath catheter is pre-cut to a size 
designed for the tip to reach the superior vena cava and the 
trimmed lumina as described for the other catheters. The tip of the 
catheter was inserted threugh an incision in the jugular vein under 


230 = Arch Surg—Vol 121, Feb 1986 


fluoroscopic control. In addition, adequate blood flow was demon- 
strated by aspirating each channel of the catheter. The catheter 
was filled with heparinized saline (2,500 units of heparin sodium in 
2 mL of normal saline in each lumen) and capped. A suture was 
placed around the vein, the neck incision was closed, and a stitch 
was placed at the exit site to anchor the catheters. Wounds were 


inspected and dressings changed daily. Sutures were removed by ® 


the seventh postoperative day. 

Hemodialysis could have been carried out immediately after 
surgery depending on the need of the patient. The outflow and 
inflow lumen ports were attached to the respective lines on the 
dialysis machine. Heparin was injected at the onset of treatment 
(1,500 units) and infused at 700 units/hr via a pump. After 
termination of hemodialysis, each port was filled with heparin 
sodium (2,500 units in 2 mL of normal saline in each port) and 
capped with specially designed Luer-Locks. The catheter re- 
mained in place and was used until the patient’s clinical condition 
warranced either change or removal of the catheter, until an 
alternative angioaccess route was created, or until the patient 
died. The catheter was removed at bedside by gentle traction at the 
distal end. The exit wound was sterilely dressed using tincture of 
iodine and a 5x 5-em gauze. 


Recirculation values were calculated by determining serum urea “=> 


nitrogem levels from specimens taken simultaneously from the 
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Tabie 2.—Comparison of Various Catheters 


Double 
Lumen 





Raaf HemoCath 
16 


No. of catheters 

used 3 8 
Placement: extemal 

jugular 10 2 2 
Placement: intermal 

jugular 6 1 6 
No. of dialysis 

treatments 159 12 155 


Mean (+ SEM) Gays in place 30.9+30.5 143+51.0 58.1+41.5 


Mean ( + SEM) blood flow, 


mL/min 188.1 +26.3 217.3+27.1 236.7+5.5 


No. of complicatiens 4 1 0 


arterial line (A), venous line (V), and a distant peripheral source 
(P), using the following standard formula: 





P-A 
% recirculation =—— x 100. 
P-V 


All patients were studied at blood flows of 200 mL/min. Patients 
who had low serum urea nitrogen values were excluded because 
recirculation could not be accurately calculated from the above 
formula. 


RESULTS 


Twenty-seven catheters were placed in 27 patients: 16 
Raaf catheters, three double-lumen Hickman catheters, 
and eight HemeCath catheters. Twenty-six patients under- 
went subsequent successful hemodialysis. One patient died 
before hemodialysis could be done. Eleven patients had 
catheters removed because an alternate angioaccess route 
was established, six catheters remain in place and are 
functioning, while ten patients died with the catheter in 
place (Table 1). 

There were 159 hemodialysis treatments in 16 patients 
with Raaf catheters (Table 2). The mean days in plaee in this 
group was 30.9+30.5 days. The mean blood flow (MBF) 
obtained during hemodialysis was 188.1 + 26.3 mL/min. Two 
of the 16 catheters had catheter malfunction secondary to 
thrombosis. However, both patients died before catheters 
could be removed. There was one instance of a crack in the 
plastie conneetor at the arterial port. The connector was 
replaced and this complication had no effect on further 
hemodialysis. In another patient, oozing from the exit site 
occurred immediately after the operation and required an 
additional hemostatic suture. This patient had evidence of 
thrombocytopenia as well as early disseminated intravas- 
cular coagulation. Six catheters were removed after an 
alternate angioaccess route was instituted, and two 
catheters are still in place and have been functiening for 
over &) days. 

Three patients had 12 hemodialysis treatments 
using double-lumen Hickman catheters. The mean 
number of days in place was 14.3+5.1 days (MBF, 
217.3=27.1 mL/min). All three catheters were removed 
because another access route had been created. There was 
no evidence of thrombosis or septicemia in this group. 

Eight patients had 155 hemodialysis treatments using the 
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Table 3.—Recirculation Rate 
in Raaf and HemoCath Catheters 


Patient No. Catheter Recirculation, %* 


1 Raaf 4.6 
2 Raaf 4.7 
3 Raaf 11.0 


D 


aa 


8 HemoCath 5.2 
9 HemoCath 10.4 
10 HemoCath 9.3 


*Mean (+ SD) of population = 8.56% + 4.34%. 


HemoCath catheter, with the catheter remaining in place 
for a mean of 58.1+41.5 days (MBF, 236.7 +5.5 mL/min). 
One patient died before hemodialysis treatment could be 
initiated, while another died with the catheter in place. 
Three catheters were removed after creation of other access 
routes, and three catheters now remain in place. 

No evidence of septicemia or local infection was found in 
any of the 27 patients who received catheters. Recireulation 
values were obtained in six patients with Raaf catheters and 
four patients with HemoCath catheters (Table 3). The mean 
recirculation was 8.56% + 4.34%. 


COMMENT 


While many modalities exist for angioaccess in patients 
requiring hemodialysis, persistent problems prevent the 
maintenance of effective, long-lasting hemodialysis using 
these routes. In fact, the most frequent causes of hospi- 
talization in patients receiving long-term hemodialysis con- 
tinue to be related to complications associated with existing 
angioaccess routes.’ 

In short-term hemodialysis, there are two major routes 
available. The first is an external arteriovenous shunt 
described by both Quinton and co-workers? and Scribner 
et al,* which is created by connecting venous and arterial 
Silastic (silicone rubber) cannulas with a Teflon tube 
(PTFE). This can be used immediately and requires no 
venipuncture, but there is a high incidence of infeetion and 
thrombosis.’ In addition, a peripheral artery must be 
sacrificed. A second route uses the Seldinger method” of 
percutaneous catheterization of a major vessel, most com- 
monly the femoral vein.” The chief complication of the 
procedure is hemorrhage when an adjacent artery is punc- 
tured or when the catheter is inadvertently placed through 
a vein.” There have been reports of life-threatening per- 
forations of the vena cava or the right atrium from per- 
cutaneously cannulated, subclavian vein catheters.” 

A subcutaneous arteriovenous fistula using a side-to-side 
anastomosis was first described by Brescia et al in 1966. 
This method is the procedure of choice for long-term 
hemodialysis because it is long-lasting with a failure rate of 
less than 5% after one year of dialysis.”” There have been 
numerous reports of experiences using prosthetic grafts 
made of PTFE,” bovine carotid arteries,” Sparks-Mandril 
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Dacron grafts,” and modified umbilical vein.“ These inter- 
position arteriovenous fistulas have a higher incidence of 
thrombosis and infection when compared with the native 
arterioveneus fistula“ and, therefore, are used only if the 
latter cannot be constructed. Both arteriovenous and inter- 
position fistulas need a minimum of two weeks of maturation 
and, therefore, have no use in short-term hemodialysis. 
Additionally, persistent infection inevitably necessitates 
removal of the prosthetic device. 

Large-diameter, right atrial catheters have been used 
with excellent suecess in patients requiring prolonged 
hyperalimentation® and prolonged antibiotic therapy," as 
well as in children requiring hemodialysis.” Serious 
catheter complications are surprisingly rare. Mahan et al” 
reported five complication events in 1,873 days of catheter 
life when a Hickman catheter was used for hemodialysis in 
children. Most of the reported complications using this 
catheter have been secondary to infection. 

The use of right atrial catheters for either short- or long- 
term hemocialysis affords many advantages. The place- 
ment technique is simple, the access can be used imme- 
diately, repeated venipuncture is not required, and sacrifice 
of arteries is avoided. Various types of polyurethane, right 
atrial catheters intended for percutaneous introduction into 








the veins have been designed. The first was a “single 
needle” lumen device that was used by Uldall et al® for 
subclavian cannulation. Because of the single channel, this 
methed has an inherently higher recirculation rate. Coax- 
ial, double-lumen catheters afford good recirculation values 
but have an important thrombosis rate. Because of their 
rigidity, they cannot be left for long periods and, therefore, 
are only used for short-term hemodialysis. 

Ir contrast, silicone-septated, double-lumen catheters, 
such as the ones reported in this study, allowed “double- 
needle dialysis” with good flow rates, acceptable recircu- 
latian values, and a low incidence of complication. The soft 
nature of silicone plus the intratunnel Dacron cuff sealant 
allow prolonged placement of these catheters. They repre- 
sent a new alternative to long-term hemodialysis access. In 
our experience, the HemoCath silicone catheter, having the 
largest inner diameter, provided the highest flow and, 
therefore, was the most efficient of the three types of 
catheters used. 

Double-lumen, silicone rubber, indwelling catheters are a 
useful method for angioaccess in both short- and long-term 
hemedialysis. Their numerous advantages and the rela- 
tively low risk of complications make them highly desirable 
for effective dialysis. 
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Necrotizing Fasciitis 


David Gozal, MD; Avishai Ziser, MD; Avigdor Shupak, MD; 
Amnon Ariel, MD; Yehuda Melamed, MD 


è Necrotizing fasciitis was diagnosed in 16 patients during 
the years 1980 to 1984. All patients were managed by a uniform 
protocol consisting of radical excisional surgery, intravenous 
antibiotics, and hyperbaric oxygen therapy. An overall mor- 
tality rate of 12.5% was achieved. In view of the encouraging 
results, this therapeutic regimen is highly recommended. 

(Arch Surg 1986;121:233-235) 


ecrotizing fasciitis is arare, rapidly progressing bacte- 
rial infection characterized by extensive necrosis of 
subcutaneous tissue and fascia, usually accompanied by 
severe systemic toxicity. Underlying muscle is typically 
spared. Despite improved surgical techniques and anti- 
microbial therapy, this disease still carries amean mortality 
rate as high as 38%.' The severe systemic toxicity usually 
present, along with the subtle local findings, make early 
diagnosis difficult, and account for the delay in the institu- 
tion of treatment and the unacceptably elevated mortality." 
A combination of facultative aerobic and anaerobic bacte- 
ria is usually isolated in necrotizing fasciitis," and a 
synergistie action between the two has been postulated to 
explain the often fulminant course of the disease.*” Hyper- 
baric oxygen (HBO) has been shown to increase the lowered 
partial oxygen tension in infected tissue” to levels at 
which anaerobic organisms are inhibited or killed” while 
also improving the microbicidal function of leukocytes in 
wounds.” Hence, HBO was added to the usual therapeutic 
regimen for necrotizing fasciitis with the aim of further 
reducing the high mortality associated with this infective 
process. This study reports our experience with 16 patients 
whose conditions were diagnosed and treated during the 
last five years with a uniform protocol that consisted of 
surgical exeision of necrotic tissue, appropriate antibiotics, 
and the administration of HBO. 
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PATIENTS AND METHODS 


During the years 1980 to 1984, 16 patients with neerotizing 
fasciitis were referred to the Israeli Naval Hyperbaric Institute, 
Haifa, Israel, from several nearby hospitals. Included in the 
study was any patient with evidence of widespread necrosis in 
fascia and subcutaneous tissues, with sparing of the underlying 
muscle. 

All patients were managed initially by early resuscitatien and 
immediate surgery consisting of incision and débridement of 
necrotic tissue as extensive as required. The tissue adjacent to the 
wound that was considered still viable by the surgeon was not 
excised. Broad-spectrum antibiotics, usually a combination of 
parenteral high-dose penicillin G potassium, clindamycin phos- 
phate, and an aminoglycoside, were instituted. Intraoperative 
aerobic and anaerobic cultures and gram-stained smears were 
immediately made of the fluid aspirated and tissue débrided from 
the center of the lesion. 

Immediately after surgery, or when clinical status permitted, all 
patients were referred to us and underwent HBO'therapy accord- 
ing to the guidelines suggested by the Undersea Medical Society.” 
These recommend three HBO sessions in the first 24 hours and two 
sessions per day thereafter. Each HBO session consists of the 
administration of 100% oxygen at 2.8 to 3 atmospheres absolute for 
90 minutes in a multiplace hyperbaric chamber by means of either a 
tightly fitted oronasal mask or mechanical ventilation, according to 
the patient’s status. After at least every two HBO treatments, the 
operative wounds were revised by a consultant surgeon to evaluate 
the evolution of the infective process and perform, if need be, 
further excisional surgery. The HBO therapy was discontinued 
when no evidence of infection was observed at two conseeutive 
wound revisions. 


PATIENTS AND RESULTS 


Thirteen men and three women were included in the 
study during the years 1980 to 1984. The mean age of the 
patients was 51.9 years, ranging from 20 to 84 years. 
Diabetes mellitus was the underlying predisposing disease 
in five patients, congestive heart failure in two, and chronic 
renal failure in a further two. The source of the infective 
episode could be directly related to rauma in seven pa- 






tients. In two it occurred after elective abdominal surgeri 


In the remainder no history of injury could be elicited. I 
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two patients, however, a chronic perianal abscess was the 
primary site of the necrotizing process. The extent of the 
disease when evaluated as the percentage of total body 
surface requiring surgical excision” varied between 3.25% 
and 9.75%, with a mean of 5.45%, as seen in the following: 


Site No. of Patients 
Trunk 4 
Abdomen 8 
Perineum 4 
Extremities 6 


In six patients more than one area was involved, usually due 
to the spreading of infection into adjacent tissues. 

The onset of symptoms usually followed a uniform pattern 
and consisted of the appearance of fever, malaise, edema, 
and erythema of the skin at the involved site. A rapid 
deterioration in clinical status was usually noted in most 
patients within a few hours. The clinical picture at the time 
of hospital admission, as well as relevant laboratory data, 
were as follows: 


Clinical Signs No. 
Edema 16 
Erythema 12 
Skin necrosis 11 
Crepitus 9 
Local anesthesia 6 
Bullae 4 
Cutaneous ulcerations 4 
Confusion 4 
Fever (temperature >38 °C) 16 
Blood pressure (<90 mm Hg) 4 
Coma 3 
Anemia (hemoglobin <9 g/dL) 2 
Leukocytosis (white blood cell count 
>12,000/eu mm) 13 
Hyperbilirubinemia (>3 mg/dL) 3 


Gas within the soft-tissue layers was observed in all the 
seven patients who had roentgenograms and coincided with 
the presence of crepitus on palpation. In all cases multiple 
organisms consisting of aerobes and facultative or obliga- 
tory anaerobes grew from tissue cultures, as seen in the 
following: 
Infecting Organisms 

Anaerobic streptococci 

Klebsielia 

Escherichia coli 

Streptococcus a-hemolyticus 

Proteus 

Clostridium species 

Bacteroides 

Pseudomonas 


Blood cultures were positive in only three patients, and in 
these the same bacteria were isolated as in tissue cultures. 

The mean delay between onset of symptoms and surgery 
averaged 26.6 hours (range, nine hours to three days). The 
first HBO session was conducted within two to 24 hours of 
surgery (mean, 6.4 hours), and an average of 4.5 sessions 
was given per patient (range, three to seven). Immediate 
mortality was nil, but two patients died, one 15 and the 
other 11 days later. No evidence of persisting infection was 
found on repeated cultures. In both patients, diabetes 
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mellitus was the predisposing factor. Neither their clinical 
condition at the time of hospital admission nor the extent of 
tissue débrided (3.75% and 6%, respectively) could have 
been indicative of a fatal outcome. One of the patients 
ultimately died of myocardial infarction, accompanied by 
severe respiratory and renal failure. The other developed 
respiratory insufficiency, followed by shock, uremia, and 
severe electrolyte disturbances, which did not respond to 
repeated fluid challenges, vasopressors, hemodialysis, and 
other supportive therapeutic measures. 


COMMENT 


Sixteen cases of necrotizing fasciitis are presented. The 
severe constitutional symptoms usually present in this 
disease, and the often noncontributory local findings, make 
early d agnosis difficult. The presenting clinieal picture in 
our pat.ents was similar to that reported by others.'* While 
there s2ems to be universal agreement that the difference 
in the dutcome of this devastating infection is intimately 
related to the rapidity in diagnosis and surgical interven- 
tion,” <here is still no reliable widely accepted diagnostic 
methoc. Radiologic studies of the involved area,” Gram’s 
stain, end careful anaerobic cultures’ have been advocated 
as useful in the diagnosis and management of necrotizing 
fasciitis. More recently (1984), the use of early frozen 
section biopsy specimens has been proposed for diagnostic 
purposes by Stamenkovic and Lew.’ The authors have 
shown that diagnosis could be reached within a mean of 21 
hours instead of a six-day delay when biopsy was not 
performed. Accordingly, 12.5% vs 72.7% mortality rates 
were obtained, respectively. 

Gram’s stain and roentgenograms of the soft tissue were 
noncortributory to the diagnosis decision-making process 
in our series. In all cases appropriate broad-spectrum 
antibictic coverage was instituted even before Gram’s stain 
results were known, and roentgenograms only confirmed 
the presence of gas within soft-tissue layers in those cases in 
which crepitations were previously found on clinical ex- 
amination. 

The relatively short time interval (mean, 26.6 hours) 
between the onset of symptoms and recognition of the 
disease in our patients is thus probably explained by a high 
index of clinical suspicion and accounts at least partly for 
the fevorable outcome. The use of a rigid and uniform 
therapeutic protocol consisting of early extensive surgical 
removal of all necrotic tissue, institution of an appropriate 
combmation of parenteral antibiotics and nutritional sup- 
port, along with early skin coverage, drastically reduced 
the mortality rate in one published series” from 100% and 
75% to a mere 8.3%. We suggest that the use of a similarly 
aggressive approach in our patients was responsible for the 
ameliorated prognosis. 

The use of HBO as an adjunct to the management of 
necrotizing infections is still controversial. Tehrani and 
Ledirgham® reported a high mortality rate in eight pa- 
tients treated by HBO. In these patients, however, despite 
the | mited excisional surgery performed there was an . 


initia. favorable response in seven patients. Drake et al” ~~ 


also fail to recommend the use of HBO in the management of 
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nonclostridial and mixed anaerobic infections. Of the 22 
patients studied, 36.3% died, and the authors’ clinical 
impressien was that the first HBO session, which took place 
before surgery, did not have a beneficial effect on the 
patient’s status. 

Despite these discouraging reports, the rationale fer the 
use of EBO makes this therapeutic option attractive, 
especially when the pathophysiology of necrotizing fasciitis 
is considered.” Infection is associated with a lowered tissue 
oxygen tension.” The reestablishment of a normal or even 
elevated partial oxygen tissue pressure by HBO adminis- 
tration will terminate the vicious circle of infection, 
ischemia. and reduced host defense mechanisms, and:allow 
for a marked improvement in all these factors.” Also, it 
will help to establish a demarcation line between the 


remaining necrotic and viable tissue, thus facilitating more 
limited surgical excision with maximal preservation of 
tissue.” 

While we can only speculate on the impact of HBO on 
patients’ outcome, we must cautiously stress, however, that 
we were impressed by the rapid amelioration in clinical and 
mental status observed in most of our patients as early as 
after the first HBO exposure. The relative paucity of cases 
of necrotizing fasciitis makes a randomized controlled study 
highly improbable. Within these limitations, we believe 
that the uniformity of the treatment regimen used in our 
study along with clinical awareness were highly effective in 
reducing to a minimum the elevated mortality rate usually 
associated with this disease. 
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Jejunostomy 
A Rarely Indicated Procedure 


Mark B. Adams, MD, MS; Gary R. Seabrook, MD; 
Edward A. Quebbeman, MD, PhD; Robert E. Condon, MD, MS 


© Jejunostomy is an alternative for alimentation in patients 
who cannot be fed orally. Seventy-three patients from the 
Medical College of Wisconsin Hospitals, Milwaukee, who un- 
derwent jejunostomy for gastrointestinal tract obstruction or 
dysfunction (28 patients), carcinoma (23 patients), neurologic 
disorders (13 patients), and other indications (nine patients) by 
the Stamm (46 patients), Witzel (17 patients), and Maydl (nine 
patients) techniques were studied. Forty-four patients sur- 
vived and were discharged, while 29 died in the hospital. Fifty- 
three complications were documented among 34 patients. The 
jejunostomy was actually used for feeding in only 48 patients, 
and only 18 were discharged while receiving maintenance 
enterostomy feedings. Seven patients died as a direct result of 
complications of the jejunostomy. Jejunostomy is not an 
innocuous procedure; it carries a substantial risk of death and 
complications. Jejunostomy should be performed for alimen- 
tation only in patients with clear indications and a high 
potential for long-term use. 

(Arch Surg 1986;121:236-238) 


poe jejunostomy has been advocated as a safe and 
effective method of providing postoperative alimenta- 
tion in patients undergoing extensive gastrointestinal tract 
surgical procedures and as a route for enteral nutrition in 
patients who cannot be fed orally because of upper gastroin- 
testinal tract obstruction or neurologic dysfunction.' The 
operation is commonly performed in conjunction with other 
emergency or elective operations on the esophagus, stom- 
ach, pancreas, duodenum, and hepatobiliary system and at 
the time of laparotomy for major trauma. It has also been 
used during laparotomy for malignancy when it is recog- 
nized that subsequent chemotherapy or radiotherapy will 
be required. 

Jejunostomy is believed to protect against the complica- 
tion of aspiration by placing the feeding site distal to the 
pylorus. Ryan and Page? state, “Intrajejunal feeding 
largely negates the risks of gastroesophageal reflux and 
aspiration pneumonia which may complicate intragastric 
feeding.” Because of the current availability of intravenous 
alimentation as a safe and effective alternative means of 
nutritional support and an impression that feeding jejunos- 
tomy is associated with a high complication rate, especially 
due to aspiration, we reviewed our experience during the 
past 15 years. 


METHODS 


The hospital reeords of all patients who had undergone jejunos- 
tomy at the Milwaukee County General Hospital and the Wood 
Veterans Administration Medical Center, Milwaukee, between 
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Table 1.—Complications Associated With 
Use of Feeding Jejunostomy 









Total 
(n=73) 


Jejunostomy 
Used (n=48) 


Jejunostomy 
Not Used (n= 25) 





Complication 
Aspiration 
Darrhea 





or 
A 
o;o 


(ee) 
oO 


Leak 6 2 8 
Dslodged 2 1 3 
Wound infection 1 1 2 
Peritonitis 1 2 3 
Tupe obstruction 2 1 3 
Bewel obstruction 2 1 3 
Omer 4 5 9 
Total 31 22 53 





1968 and 1982 were reviewed. The group consisted of 68 men and 
five women whose mean age was 53 years (range, 17 to 80 years). 
Sixteen patients had a prior history of aspiration, and 14 were 
semicomatose or comatose at the time of jejunostomy. In 28 
patients, the indication for operation was nonmalignant gastroin- 
testinal tract obstruction or dysfunction. Of the remaining pa- 
tients, 23 had carcinoma, 13 had neurologic disorders, and nine had 
other indications (Table 1). General anesthesia was used in 70 
patierts, and local anesthesia was used in three patients. 

The feeding jejunostomy was placed at the same time that 
anoth=r abdominal operation was performed in 39 patients and was 
the only procedure performed in 34 patients. In the group that 
underwent an additional procedure, the main operation was most 
often >erformed on the upper gastrointestinal tract (26 patients), 
the pancreaticobiliary tree (six patients), or the colon (three 
patierts). 

Stamm jejunostomy was constructed in 46 patients, using a 
double concentric purse string to secure the jejunostomy tube in 
the bcwel.* The Witzel‘ technique was used in 17 patients, addi- 
tionalty imbricating the feeding tube within the jejunum for a 
distame of 4 to 6 cm. Jejunostomy tubes were brought through the 
abderrinal wall at a site separate from the incision. The jejunum 
was sutured circumferentially to the adjacent peritoneal surface of 
the abdominal wail. A Maydl jejunostomy’ was constructed in nine 
patients, using a Roux-en-Y limb of jejunum brought out as a 
stoma on the abdominal wall. 

Resalts were evaluated statistically by y? analysis. P values of 
less than .05 were considered to represent a significant difference. 


RESULTS 


Among the 34 patients in whom the jejunostomy had been 
done as the only operative procedure, it was used for 
feeding in 25. A similar proportion (23 of 39 patients) 
received feedings through a jejunostomy that had been 
placed at the time of another procedure. Thus, only 48 of 73 
patients actually received jejunostomy feedings following 
tube placement, while in 25 patients, the jejunostomy was 
never used for feeding. Twenty-seven patients who under- 
went _ejunostomy were discharged to their homes; 15 were 
discherged to nursing homes. Twenty-nine patients died 
during the hospitalization at which the jejunostomy was 
performed. Twenty-two of the 44 surviving patients were 
discherged while receiving an oral diet, and 22 were dis- 


charged while receiving jejunostomy feedings. Twenty- | 


four o? the surviving patients had use of the jejunostomy at 
some zime after leaving the hospital. Of the 29 patients who 
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Table 2—Complications and Type of Jejunostomy 


Type of Jejunostomy 





Stamm (n=46) Witzel (n=17) Maydl (n=9) 





Complication 
Aspiration 
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Diarrhea 1 2 2 
Leak 2 0 1 
Sepsis: 1 0 0 
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Wound infection 
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Tube obstruction 
Bowel obstruction 
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died in the hosptal, 12 received jejunostomy feedings, but 
17 were never fed via their jejunostomy. 

In only 26 of the 73 patients, a feeding jejunostomy was 
placed and used with no complication. Only complications 
presumably related to the placement of the jejunostomy 
were included m our analysis. Aspiration was the most 
frequent complization, occurring in nine patients. In four of 
these patients, jejunal feeding material was recovered in 
the aspirate; these patients died as a result of the ensuing 
pneumonia. Diarrhea severe enough to require corrective 
intravenous fluid therapy occurred in eight patients. Prob- 
lems due to catheter leakage, dislodgment, or obstruction 
occurred in 14 patients. Technical errors in securing the 
tube were respensible for obstruction in two cases. Other 
complications associated with the jejunostomy included 
spreading peritonitis (three patients), wound infection lead- 
ing to dehiscenee (two patients), and small-bowel obstruc- 
tion (three patients). Seventeen of the 29 patients who died 
in the hospital suffered tube-related complications, includ- 
ing ten patients who never had jejunostomy feedings follow- 
ing tube placement. Complications were not more frequent 
in patients in whom jejunostomy was the only procedure 
compared with datients in whom it was done in addition to 
another operation nor were complications related to use or 
nonuse of the jejunostomy (Table 1). There was no differ- 
ence in incidence of complications among the three types of 
jejunostomy (Table 2). 


A Twenty-three patients underwent jejunostomy because 


of obstructing gastrointestinal carcinoma involving the 
stomach or small bowel. Seventeen of these patients re- 
ceived feeding through their intestinal tube. Twelve of 
these 23 patierts died in the hospital. The remaining 11 
patients were discharged alive. 

Sixteen patients had a history of aspiration before place- 
ment of the feeding jejunostomy. Eighteen complications 
occurred among 12 of these patients. Aspiration recurred 
postoperatively in six patients, three of whom were semi- 
comatose. Eight of these 16 patients died in the hospital. 
Postoperative survival was less than six weeks in nine 
patients and less than a year in two others. Only five 
patients in this subgroup survived more than a year. 

Fourteen patients were comatose or otherwise neurologi- 
cally impaired at the time of jejunostomy placement. Nine 
of these patients also had a history of aspiration. In ten of 
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these 14 patients, feeding jejunostomy was the primary 
procedure. Thirteen complications occurred in nine of these 
neurologically impaired patients; four aspirated and died, 
while six survived to discharge. The jejunostomy was never 
used in five of these patients, and two of the four patients 
who suffered major complications and died due to aspiration 
were in this group. Only four patients with neurologic 
impairment survived more than two months. 

Although complications were frequent and associated 
with significant morbidity, they had no apparent effect on 
whether the patient was discharged while receiving jeju- 
nostomy feedings. Of the total of 53 complications, 21 
occurred in 12 patients in whom the jejunostomy was never 
used for feeding; avoiding jejunostomy in these patients 
presumably would have prevented the complications that 
resulted from it. 

COMMENT 

Jejunal feeding was first described in 1858 by Busch’ and, 
as it evolved through the work of early investigators,” 
became the preferred means of nonoral alimentation for 
generations of patients.”” Interest in feeding jejunostomy 
increased after Case et al” recommended a homogenized 
milk-based formula that was easily prepared in hospital 
kitchens and was reported to reduce abdominal cramps and 
diarrhea. Case and colleagues’ report indicated that tube 
obstruction was a significant problem with the Witzel 
technique and advocated use of the Stamm jejunoszomy. 

Boles and Zollinger” presented a critical review of 103 
cases of feeding jejunostomy. Seven had been done as the 
only operation, and 96 were done in addition to operations 
on the esophagus, stomach, duodenum, and pancreaticobili- 
ary system. In 27 patients, the jejunostomy was deemed to 
be of “great value,” and in 20, it had “little or no value.” In 
most cases, the jejunostomy tube was removed within ten 
days. Boles and Zollinger concluded that a feeding jejunos- 
tomy was indicated in patients who had lost more than 9 kg 
preoperatively, who were in an “elderly, poor-risk, cardiac 
classification,” or when extensive gastric or complicated 
pancreatic operations were needed. 

The development of low-residue diets and a quantitative 
approach to preoperative and postoperative nutrition re- 
kindled interest in enteral feedings.” Jejunostomies were 
often placed at the time of other major abdominal surgical 
procedures for postoperative nutritional management in 
cases of gastrointestinal tract obstruction and carcinoma." 
Although it has been shown that the gastrointestinal tract 
will tolerate enteral feedings in the early postoperative 
period, most patients do not actually require such feeding 
following typical general surgical or gynecologic proce- 
dures, because they are usually able to eat within five to 
seven days postoperatively. 

Among our 28 patients who underwent jejunostomy 
because of gastrointestinal tract obstruction or dysfunc- 
tion, the jejunostomy was never used in 14. When the 
jejunostomy was used for feeding, it was employed only 
briefly during the immediate postoperative period. Sixteen 
of these 28 patients were discharged while receiving an oral 
diet, two were discharged while receiving jejunal feedings, 
and ten died in the hospital. Eleven of these patients 
suffered complications related to the jejunostomy. Al- 
though placement of a jejunostomy for postoperative nutri- 
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tion has been recommended, our experience indicates that 
feeding via the jejunostomy occurs in only half of the 
patients who have a tube plaeed and even then only briefly 
in the early postoperative course. Coupled with the fact 
that 11 of these 28 patients suffered tube-related complica- 
tions, the wisdom of concomitant placement of a feeding 
jejunostomy for most patients must be questioned. 

A major defect in the logic of using a jejunostomy for 
feeding following gastrointestinal tract surgery is that the 
patients with the most serious problems are not likely to 
tolerate this form of feeding. These problems include, 
“generalized peritonitis, small-bowel obstruction, exten- 
sive small-bowel adhesions, intrinsic small-bowel disease, 
or extensive retroperitoneal dissection,” as pointed out by 
Hoover and assoeiates.” Cobb and co-workers” also found 
that four of six septic patients could not tolerate jejunos- 
tomy feeding and also stated that “feeding difficulties can 
be anticipated in those patients who are . . . severely 
malnourished.” It appears that feeding through a prophy- 
lactically placed jejunostomy is least successful in those 
patients who need it most. 

Our experience does indicate that for high gastroin- 
testinal tract-obstructing carcinoma, tube jejunostomy 
offers a reasonable, though short-term, solution to the 
problem of alimentation and may facilitate discharge from 
the hospital. Patients with limited but unresectable cancer 
may benefit from the freedom that enteral feeding pro- 
vides, and it is less costly tham parenteral nutrition. Seven- 
teen of our 23 patients with obstructing carcinoma received 
feeding through their tube at some time postoperatively. 
Although 12 patients in this group died in the hospital, ten 
were able to be discharged following tube placement. Care 
is important in selecting the patient with obstructing upper 
gastrointestinal tract cancer for jejunostomy. These pa- 
tients also have an increased incidence of complications (11 
of 23) associated with enterostomy. Alternatively, they 
might better be managed by short-term parenteral alimen- 
tation during chemotherapy or radiotherapy for their ma- 
lignancy. Placement of a jejunostomy in patients with 
advanced malignancy and a short life expectancy is proba- 
bly not justified, given the likelihood that an associated 
complication may further hinder the patient’s course. 

Jejunostomy is frequently sought by physicians caring 
for patients who have chronic neurologic impairment and 
who cannot eat. Surgeons often are asked to perform this 
procedure to facilitate discharge from the hospital and 
future management of these debilitated patients in nursing 
homes. Such patients are relatively poor candidates for 
jejunostomy. In the semicomatose or comatose patient, 
there is an increased chance that a jejunostomy tube will 
inadvertently become dislodged, leading to complications. 
Further, replacement usually will require reoperation. Pa- 
tients with severe neurologic impairment generally have a 
poor prognosis; ten of our 14 patients in this group survived 
less than 60 days, and none was discharged home. These 
patients also are poor candidates for parenteral alimenta- 
tion because of the high cost of supporting them away from 
the hospital. We suggest utilization of a soft nasojejunal 
feeding tube in this group until a reasonable chance of 
prolonged survival is indicated; then, a Maydl jejunostomy 
may be justified. Tube displacement is a pervasive problem 
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in nursing homes so that a route of enterostomy that 
facilitates reintubation is preferred. 

Patients with a histary of aspiration prior to jejunostomy 
continue to be at high risk postoperatively for this life- 
threa-ening event. The delivery of feeding distal to the 
pylorus does not offer protection against duodenogastric 
reflux and subsequent aspiration. The risk of aspiration is 
not related to the type of jejunostomy performed but is 
strongly related to a previous history of aspiration (P<.05). 
Patients with a previous history of aspiration should be 
consicered for an antireflux procedure, such as a Nissen 
fundoolication, in conjunction with jejunostomy if long- 
term enteral alimentation appears to be strongly indicated. 

Feeding jejunostomy is associated with appreciable mor- 
bidity and death. In carefully selected patients who have 
norma! or near-normal neurologic function but who cannot 
be arzlly alimented, a feeding jejunostomy may provide an 
effect.ve nutritional route. However, the decision to per- 
form a jejunostomy must take into account the high compli- 
catior rate associated with the procedure, the limited life 
expectancy of many patients referred for enterostomy, and 
the availability of other alternatives for alimentation. 

Rovtine placement of feeding jejunostomy at the time of 
other typical general surgical operations is not indicated, 
because most patients can take oral feedings within a 
reasonable period postoperatively. Patients requiring non- 
oral postoperative nutrition are also likely to have a high 
risk o° tube-related complications and a poor tolerance for 
jejuncstomy feedings. For these patients, parenteral ali- 
mentetion may be a better alternative. 

Pat ents with limited but unresectable upper gastroin- 
testinal tract obstructing cancer and those few patients 
with reurologic impairment in whom prolonged survival is 
probale but who cannot be fed orally may benefit from 
jejunel feeding to facilitate care away from the hospital. 
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The Effects of Perioperative 


Fluorouracil Administration 


on Convalescence and Wound Healing 


Joseph M. Klaasner, MD; Shlomo Leleuk, MD; Moshe Inbar, MD; Ronald Rozin, MD 


e Administ:ation of chemotherapy is delayed by most clini- 
cians until complete recovery from surgery because it is 
generally feared that cytotoxic drugs impair wound healing, 
reduce resistance against infection, and may hinder the recov- 
ery process. Hewever, clinical experience is lacking. This 
clinical studyexamines the effect of perioperative administra- 
tion of fluorcuracil on the healing of wounds and intestinal 
anastomoses amd the recovery process in general. Forty 
patients with advanced gastrointestinal tract cancers entered 
the study. intravenous bolus administration of 0.5 g of fluo- 
rouracil was started during surgery. The patients underwent a 
variety of abdominal operations for palliation or cure. Artotal of 
22 gastric and enteric anastomoses were performed. One half 
gram of fluorouracil diluted in 150 mL of 5% glucose solution 
was given irtravenously over one hour daily for ten days 
postoperatively. The patients were carefully evaluatedifor any 
alteration in thepostoperative recovery. Thirty-eight of the 40 
patients received the full course of fluorouracil. Twenty-one 
patients had an uneventful postoperative course. Eighteen 
had mild to mocerate respiratory and cardiovascular compli- 
cations unre ated to fluorouracil administration. One patient 
died of pulmonary emboli 16 days after abdominoperineal 
resection. Surgical wounds healed without complications in 
37 patients. One case of wound disruption occurred after 
sigmoicectomy. Two patients developed wound infectiens that 
healed secondarily. All 22 patients with anastomoses re- 
coverec without any evidence of leakage. Colostomies and 
gastrostomies *unctioned as anticipated. Side effects at- 
tributed to fluorouracil appeared in seven of the patients; in 
only two of the patients were complications life-threatening, 
involving bane marrow depression. All patients recovered 
after discontmuation of fluorouracil therapy and with support- 
ive treatmen:. @n the whole, the course of recovery of this 
group was ao different than expected from patients with 
advanced malignant neoplasms who were undergoing exten- 
sive surgery Based on this study, it seems that fluorouracil 
administratien during and immediately after surgery has no 
deleterious effect on wound healing and recovery. 

(Arch Surg 1986;121:239-242) 
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issemination of viable tumor cells and acceleration of 
metastatic growth is known to occur during the peri- 
operative period.’* Such dissemination might possibly be 
eradicated with chemotherapy administered during sur- 
gery and through the immediate postoperative period.‘ 
This would, at least in theory, reduce local and systemic 
recurrences. 

Why, then, is chemotherapy delayed until the recovery 
from surgery? 

It is generally believed that cytotoxic agents impair 
wound healing, reduce resistance against infection, and 
delay overall recovery.’’ Clinicians, therefore, refrain from 
using chemotherapy in the perioperative period and delay 
its administration until wound healing is complete.°* Ex- 
perimental studies with animals given cytotoxic drugs 
during operations substantiate the idea that wound healing 
is delayed.’ 

The few clinical studies in which chemotherapy was 
administered during and immediately after surgery eoncen- 
trated on recurrence and survival and not on wound 
healing and the recovery process. 

The present study was designed to examine the effect of 
perioperative administration of fluorouracil on the healing 
of wounds and anastomoses and on the recovery process. 


PATIENTS AND METHODS 
Therapeutic Criteria 


The decision to initiate fluorouracil therapy was made during 
surgery. Before each operation, the surgeon did not know whether 
chemotherapy would be administered. Chemotherapy was started 
when one or more of the following conditions was found on 
exploration of the abdomen: extension of the tumor beyond the 
serosa; gross involvement of the lymph nodes; unresectable or only 
partially resectable tumor; and intraperitoneal seeding or distant 
metastases. 

Every patient with these findings received a bolus of 0.5 g of 
fluorouracil intravenously during the operation. Subsequently, a 
daily intravenous dosage of 0.5 g of fluorouracil in 150 mL of 5% 
glucose solution was administered over one hour each day for nine 
days following surgery, for a total dose of 5 g. 
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Clinical Material 


Of the patients undergoing oncological surgery during 1980 and 
1981, 40 met the above criteria and entered the study in the 
department of surgery at the Hadassah Hospital, Tel Aviv, Israel. 
There were 23 women and 17 men. The median age was 70.5 years. 

Two thirds (27) of the patients had carcinoma of the colon. Other 
carcinomas were distributed as follows: stomach, seven patients; 
esophagus, one patient; pancreas, three patients; gallbladder, one 
patient; and liver, one patient (hepatocellular carcinoma). 

At surgery, 19 patients were found to have extensive metastatic 
spread. In eight of them, the disease was so extensive that only a 
biopsy specimen was taken. Eleven patients underwent a variety of 
procedures for palliatien. 

Twenty-one patients had locally advanced carcinomas. In seven 
patients the tumors extended through the entire bowel wall, and in 
14 the regional lymph nodes were grossly invaded. Radical or 
palliative procedures were performed in these cases. The following 
operations were performed: colectomy, 15 patients; abdomino- 
perineal resection, four patients; gastrectomy, five patients; by- 
pass anastomosis, eight patients; and exploration only, eight 
patients. 

Intestinal anastomoses were performed in 22 cases. All were 
done in two inverting layers. There were 13 colocolostomies, three 
ileocolostomies, five gastrojejunostomies, and one cholecystoje- 
junostomy. The surgical wound was closed in the same manner in 
all 40 patients. A running, chromic, catgut suture was used for the 
peritoneum, and interrupted 2/0 silk was used for the fascia, in 
addition to through-and-through retention sutures. The surgical 
technique and wound care were exactly the same as methods used 
by us in routine abdominal surgery. There were 13 colocolostomies, 
three ileocolostomies, five gastrojejunostomies, and one cho- 
lecystojejunostomy. 

The postoperative eare for these patients was identical to that 
given to patients undergoing comparable oncological surgery 
without chemotherapy. The patients were carefully evaluated for 
any alteration in the postoperative recovery. The healing of the 
incisions and the recovery of the gastrointestinal tract function was 
noted. Signs of possible anastomotic disruption and of interference 
with healing were charted. The administration of the drug was 
discontinued immediately when significant side effects of the 
chemotherapy occurred. 


RESULTS 
Systemic Side Effects 


Thirty-eight of the 40 patients received the full course of 
fluorouracil. 

Thirty-three of the patients tolerated the chemotherapy 
well, while seven patients (17.5%) developed signs of fluo- 
rouracil toxicity, usually of a mild to moderate degree 
(Table). Four patients had mild diarrhea that appeared on 
the fifth to ninth postoperative day. One patient suffered 
from nausea, vomiting, and diarrhea. In none of these five 
patients was it necessary to stop the fluorouracil therapy. 

Two patients developed leukopenia and thrombocy- 
topenia in the fifth and ninth days of treatment, respec- 
tively. The fluorouracil administration was promptly dis- 
continued and the patients were given intravenous fluids, 
antibiotics, and, in one case, steroids. Both patients re- 
covered after two te four days. 


Wound Healing 


The surgical incisions healed without complications in 37 
patients. No delay in healing was noted. The skin sutures 
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Toxic Effects of Fluorouracil in Seven Patients* 





Nausea Stomatitis Leukopenia 
Patient Day of and and and Thrombo- 
No. Appearance Vomiting Diarrhea Mucositis cytopenia 





*One plus indicates mild; two pluses, moderate; and three pluses, severe. 


TWhite blood cell count, 1,500/cu mm; platelet count, 30,000/cu mm. 
White blood cell count, 500/cu mm; platelet count, 10,000/cu mm. 





were removed on the sixth to eighth postsurgical day and 
the retention sutures were removed on the 14th day after 
surgery. Wounds around colostomies and gastrostomies 
heaked satisfactorily as well. Skin openings at the site of 
drains closed spontaneously within 48 hours. 

One case of wound disruption occurred in a 75-year-old 
patient with bronchial asthma on the fifth day after a 
sigmoidectomy. After closure of the incision, he made an 
uneventful recovery while further receiving fluorouracil to 
a full dose. Two patients developed wound infections. One 
patient had an abscess that needed drainage, and the other 
patient developed a perineal infection after abdominoperi- 
neal resection. 


Intestinal Anastomoses 


AIl 22 patients with intestinal anastomoses recovered 
without any evidence of leakage. Peristalsis and bowel 
movements occurred three to seven days after surgery. 
There was no elevation of temperature in the critical days 
and no secretions from drains indicative of leakage. Co- 
lostcmies and gastrostomies functioned as anticipated. 


Postoperative Course 


Twenty-one patients had uneventful postoperative 
courses. Eighteen patients had mild to moderate respira- 
tory or cardiovascular complications unrelated to fluo- 
rouracil administration. 

One patient died. This was a 75-year-old man who under- 
went abdominoperineal resection and later developed peri- 
neal wound infection. On the 16th postoperative day he died 
of massive pulmonary emboli. 


COMMENT 


It would be preferable to start chemotherapy during 
surgery, or immediately thereafter, to treat residual tumor 
as soon as possible.” A delay of even three weeks in 
commencing chemotherapy actually cancelled out the bene- 
fit of this treatment.** 

There are several theories supporting this idea. Resec- 


tion of the primary tumor may in itself enhance the progres- . 


sion of micrometastases.’ Anesthetic drugs were also found 
to accelerate the growth of metastases.’ 
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Surgieal nanipulation releases malignant cells into the 
blood, ‘ympaatics, and operative field. The surgeon 
makes many attempts to lessen this by the “no-touch” 
technique and the early ligation of the vascular pedicle of 
the tumor-bearmg segment." Various agents and solu- 
tions were devised to be applied into the operative field to 
reduce ocal reeurrence.*” Cytotoxic drugs are used in- 
tralumimally in colon surgery for the same purpose.”” 
However, ony a few attempts*” were made in the past to 
achieve #ffec-ive systemic blood levels of cytotoxic drugs, as 
it is gemerally feared that doing so during the immediate 
postoperativ= course may interfere with the healing of the 
wound and hinder the recovery process in general.**” 


Wound Healing 


Cytotoxic drugs are known to alter the nitrogen balance 
in the wound, mhibit fibroplasis, reduce collagen deposi- 
tion, and deerease neovascularization.*” 

The antimetabolites, with fluorouracil as their prominent 
member, hawe shownë®™" the most consistent inhibition of 
wound healing en laboratory animals. This inhibition occurs 
during «he proliferative phase of wound healing. It inter- 
feres mere with protein synthesis and less with cell mitosis. 

Wound breakmg strength, determined five to seven days 
after surgery, was shown to be reduced when fluorouracil 
was given to rats perioperatively.“”” In contrast with 
these findings, Cohen and co-workers” found no deleterious 
effect from fuorouracil on the healing of wounds in mice. 

Only a few ctinical studies have dealt with the effect of 
fluorouracil on the healing process in man. Fluorouracil 
administered a short time after surgery caused a high 
incidente of woand infection and disruption.” Fluorouracil 
therapy that was started one week after mastectomy and 
continued fo” a period of four days caused a high incidence of 
wound complications.” On the other hand, intraluminal 
perfusien of flusrouracil during colon surgery, follawed by 
intravenous administration two days after operation, did 
not affect tne healing of anastomoses or incisions.” In 
another clinal study,” fluorouracil therapy was started 14 
days after cdon surgery and was found to cause no deleteri- 
ous effect or the healing of surgical wounds. 

In our study. fluorouracil was given for ten days after 
surgery, whechis the critical period of wound healing. 


Wound Infection 


Two patients developed wound infections. The wounds 
showed no clay in healing after proper drainage. 

The incidence of wound infection in this group was much 
lower than expected in such contaminated operations in 
high-risk pacients. Rousselot et al®™ noted a 10% incidence 
of wound inzection in patients given fluorouracil compared 
to 19% in = centrol group. This is probably due to the 
antibacteria effects of fluorouracil. 


Anastomotic Healing 


The gastrintestinal tract is especially sensitive to fluo- 
rouraci, wh.chslows epithelial activity and causes mucosal 
regression. Diarrhea and paralytic ileus are common signs 
of fluorouracil toxicity.” It is generally believed” that 
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fluorouracil interferes with the healing process of intestinal 
anastomoses and may impede the ability of the peritoneum 
to contain minor leaks. 

The administration of fluorouracil for three to five days 
before surgery in mice increased the incidence of anasto- 
motic leakage.” The production of collagen in the anastomo- 
sis was lower than usual, when determined on the 12th day. 

No reports were found concerning healing of anastomoses 
in humans while receiving chemotherapy. 

All the 22 anastomoses performed in our group of patients 
healed without clinical evidence of leakage. 


Systemic Side Effects 


Side effects occur in cancer patients receiving fluo- 
rouracil even without the stress of surgery. Whether the 
frequency and gravity of the side effects are further en- 
hanced by the surgical trauma is not known, but this 
concern was given consideration in the protocol of our study. 
We decided to spread the total dose (5 g) of fluorouracil! over 
a longer than customary period of time. 

Side effects of fluorouracil appeared in seven of our 40 
patients. Only two of them had severe complications. It was 
difficult to establish whether the gastrointestinal tract 
disturbances that appeared in five other patients were due 
entirely to fluorouracil administration or to the combination 
of surgery and chemotherapy. 


Postoperative Course 


The postoperative course was assessed mainly on clinical 
grounds, and was not shown to be altered by the administra- 
tion of fluorouracil. The cardiovascular and respiratory 
complieations that did appear in some of the patients were 
not related to the administration of fluorouracil. 

The thromboembolic complication that caused death by 
pulmonary emboli in one of our patients is not known to be 
associated with fluorouracil administration. 

On the whole, the course of recovery and the complication 
rate in this group was no different than that expected from 
patients with widespread malignant neoplasms, concomi- 
tant diseases, and advanced age. 

It should be mentioned that our data are presented 
without a control group of patients. We believed that no 
control group was mandatory because there are accepted 
standards of postoperative complications for this type of 
surgery to which we could refer.” 

Based on our clinical results, it seems that administration 
of fluorouracil during and immediately after surgery has no 
deleterious effect on wound healing and recovery. The 
beneficial effect on the course of the disease as determined 
by recurrence and survival were not examined here and 
would require a different study design. 
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Editorial Comment 


The overall results of chemotherapy in the treatment of patients 
with advanced gastrointestinal malignant neoplasms have been 
disappointing. Thus, oncologists have constantly sought new 
approaches fer the administration of cytotoxic agents to this group. 
Because of the widely held belief that intraoperative or early 
postoperative institution of chemotherapy would interfere with 
wound healing and increase infection, such treatment has gener- 
ally been delayed. Although there was no randomized clinical trial 
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in this series, the authors appear to have arrived at sound 
conciusions that no major deleterious effect occurred. Corrobora- 
tion of these findings by others is needed. With the increasing use 
of acj-vant and palliative chemotherapy, such a study has signifi- 
cant clinical import. 
LASALLE D. LEFFALL, Jr, MD 
Washington, DC 
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Clinical Notes 


Esophageal Perforation After Fiberoptic 


Endoscopic Injection Sclerotherapy 


for Esophageal Varices 


Eliahou Shemesh, MD, Leon Bat, MD 


è Esophagea! perforation is a rare major complication of 
fiberoptic endoscopic injection sclerotherapy for bleeding 
esophageal varices. This complication occurred in 1% (two) of 
our patients. Both patients recovered with conservative treat- 
ment. Although mild symptoms continued for a long period 
after the proeedure, esophageal stenosis did not occur. 

(Arch Surg 1986;121:243-245) 


ye ea injection scleropathy (EIS) is effeetive in 
arresting variceal bleeding and is accompanied by a 
low rate of eomplications.** Major complications, such as 
esophageal perforation, are uncommon, and these are 
mainly eneountered after EIS performed with rigid endo- 
scopes.” Perforation after EIS with a flexible fiberoptic 
endoscope is extremely rare and is usually secondary to 
mucosa! necrosis due to paravariceal injection.'** Usually, 
perforation after fiberoptic EIS is localized and may be 
successfully managed by conservative treatment. 


METHODS 


Between 1931 and 1985, we performed 183 EIS procedures in 55 
patients with bleeding esophageal varices. The procedure was 
carried out with flexible fiberoptic endoscopes (Olympus types 
GIF K,, Q, ard IT) with flexible needles (Olympus types NM-IK 
and 3K). The selerosing agent, 5% ethanolaminoleate, was injected 
intravaricealy at the circumferences of the lower 2 cm of the 
esophagus abeve the gastroesophageal junction. After the initial 
emergency imection, a second injection was administered one 
week later, ane then every one to two months until eradication of all 
the variees. @ne to 2.5 mL of sclerosant was injected at each 
injection site up to 15 to 20 mL per procedure). 
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Arrest of bleeding was achieved in 88% of patients, with no 
mortality related to the procedure. Endoscopic injection scleropa- 
thy caused esophageal complications in five patients (perforation, 
two; deep ulcers, two; and stricture, one). All of them improved 
with conservative treatment. 

We report the clinical course of two patients with esophageal 
perforation after EIS with a flexible endoscope. 


REPORT OF CASES 


Case 1.—A 69-year-old woman with liver cirrhosis was admitted 
with upper gastrointestinal (GI) tract hemorrhage. Upper GI tract 
endoscopy revealed bleeding large esophageal varices, and EIS 
was performed. The bleeding stopped, and one week later, EIS was 
repeated. Both procedures were uneventful. Three days after the 
second EIS, the patient developed pyrexia, dysphagia, and retro- 
sternal pain. Esophageal contrast study showed an intramural 
extravasation into the anterior esophageal wall in its lower third, 
parallel to the esophageal lumen (Fig 1, left). Symptoms improved 
markedly within one week with conservative treatment (in- 
travenous fluids and antibiotics). Upper GI tract endoscopy re- 
vealed a mucosal slough with a deep intramural tunnel (Fig 2, left) 
and another two pseudodiverticula in the lower third of the 
esophagus, lined with granulation tissue. 

At three years of follow-up, the patient had a permanent mild 
dysphagia. A repeated upper GI tract series, three years after 
EIS, showed several shallow pseudodiverticula at the lower third 
of the esophagus; there was no stenosis (Fig 1, right). Upver GI 
tract endoscopy revealed a wide, short, intramural tunnel covered 
by a mucosal bridge in the lower middle third of the esophagus and 
another two shallow pseudodiverticula (Fig 2). There were no 
visible varices. 

Case 2.—A 55-year-old woman with cirrhosis presented with 
upper GI tract hemorrhage. Upper GI tract endoscopy revealed 
bleeding large esophageal varices, and EIS was performed. The 
bleeding stopped, but recurred four days later, and EIS was 
repeated. Three days after the second injection, pyrexia, dys- 
phagia, and retrosternal pain developed. A contrast study revealed 
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Fig 1.—Left, After endoscopic injection 
sclerotherapy, there is intramural extravasa- 

tion of contrast material in anterior esopha- . 
geal wall. Right, At three years, pseudo- 
diverticula are present. 


Fig 2.—Left, Mucosal slough in lower esophagus. Right, At three 
years, there is mucosal bridge over intramural tunnel. 


Fig 3.—Paraescphageal abscess after endoscopic injection scle- 
rotherapy. 
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Fig 4.—Pseudodiverticula in 
lower esophagus. 





a tract of confined extravasation of contrast material through the 
wall at the lower third of the esophagus, and a localized para- 
esophageal abscess developed (Fig 3). 

Conservativ= treatment resulted in improvement within three 
weeks. Upper GI tract endoscopy revealed several deep, widely 
opened recesses in the lower third of the esophagus, lined with 
granulation tissue (Fig 4). 

The patient zontinued to have mild dysphagia. Repeated endo- 
scopy after one year showed several shallow pseudodiverticula, 
lined with smooth granulation tissue, in the lower third of the 
esophagus. TLere was no stenosis and there were no visible 
varices. 


COMMENT 


A localizec intramural esophageal perforation oecurred 
in our experzence in 1% of EIS procedures, most probably 


secondary to paravariceal leak of sclerosing agent. We 
assume that localized tissue necrosis was responsible for 
the dissection. In both cases, the leak was located between 
the middle and lower thirds of the esophagus, possibly due 
to inadvertent injection higher in the esophagus. Symp- 
toms started three days after injection—and that may 
support an inflammatory rather than mechanical mecha- 
nism for perforation. 

In both patients, the perforation occurred after the 
second injection, which was given four and seven days after 
a previous injection. Local friable mucosa after a previous 
injection might be a cause for such perforation. Unlike 
other cases, the varices disappeared after only two injec- 
tions and did not recur over a long period of follow-up, 
possibly due to the local severe inflammation and fibrosis in 
the lower esophagus after the perforation. 

In our experience, intramural esophageal perforation 
after EIS with a fiberoptic endoscope has a benign clinical 
course. Although mild symptoms persisted for long peri- 
ods, no esophageal stenosis occurred. As both perforations 
occurred early in our experience, it is possible that more 
careful injections may avoid this complication. In the last 
130 consecutive injections, no perforation has occurred. 
Injections should be given close to the gastroesophageal 
junction, by strict intravariceal injection of 1 mL or less of 
sclerosant at each injection site, with a total of up to 15 mL 
of sclerosant per procedure. 


References 


1. Clark AW, Maedougall BR, Westaby D, et al: Prospective controlled 
trial of injectionsclerotherapy in patients with cirrhosis and recent variceal 
haemorrhage. Lancet 1980;2:552-554. 

2. Novis B, 3at L, Pomerantz I, et al: Endoscopic sclerotherapy of 
esophageal varices. Isr J Med Sci 1983;19:40-44. 

3. Barsoum MS, Mooro HAW, Bolous FI, et al: The complications of 
injection sclerotherapy of bleeding esophageal varices. Br J Surg 1982;69: 


Arch Surg—Vol 121, Feb 1986 


79-81. 

4. Paquet KJ, Oberhamer E: Sclerotherapy of bleeding oesophageal 
varices by means of endoscopy. Endoscopy 1978;10:7-12. 

5. Joffe SN: Non-operative management of variceal bleeding. Br J Surg 
1984;71:85-91. 

6. Rose JDR, Crane MD, Smith PM: Factors affecting successful endo- 
scopic sclerotherapy for esophageal varices. Gut 1983;24:946-949. 


Sclerotherapy—Shemesh & Bat 245 


Chylous Ascites Following Resection 
of a Ruptured Abdominal Aneurysm 


Treatment With a Peritoneovenous Shunt 
William G. Sarazin, MD, Kendall E. Sauter, MD, MS 


è The development of chylous ascites after an abdominal 
surgical procedure is potentially grave. It frequently leads to 
malnutrition and significant mortality. Chylous ascites devel- 
oped after emergency repair of a ruptured abdominal aneu- 
rysm. In spite of treatments with low-fat diet (medium-chain 
triglycerides), hyperalimentation, and abdominal paracen- 
tesis, hypoproteinemia and peripheral edema developed and 
Symptomatic ascites continued. Though some success has 
been reported following ligation of leaking lymphatics, we 
avoided laparotomy because the patient was recovering from 
formidable complications. A peritoneovenous shunt was 
placed. No complications occurred and permanent recovery 
promptly resulted. We believe this is a reasonable alternative 
to laparotomy. 

(Arch Surg 1986;121:246-247) 


hylous ascites fellowing repair of abdominal aneurysms 
has been infrequently reported.'* Conservative mea- 
sures such zs repeated abdominal paracentesis, intravenous 
(IV) reinfusion of chyle,* low-fat (medium-chain triglycer- 
ide) diets,‘ and hyperalimentation?* have occasionally been 
successful. When simple measures fail, laparotomy and 
ligation of leaking lymphatics may be successful.! The 
following report describes a minor operation; insertion of a 
peritoneovenous (LeVeen) shunt permanently terminated 
the chylous ascites. 


REPORT OF A CASE 


A 56-year-old man was found unconscious in his home. Para- 
medies noted a weak pulse and no discernible blood pressure (BP). 
He arrived <t the emergency room on March 10, 1983, via am- 
bulance, receiving IV Ringer's solution, with a systolic BP of 
80 mm Hg. Severe abdominal pain was present and aortic pulsation 
was promineat. Further resuscitation was carried out immediately 
in the operating room. A free rupture of a friable abdominal 
aneurysm wes found. Because of profuse hemorrhage and blind 
dissection, proximal centrol was obtained with difficulty. A woven 
Dacron sleeve graft was placed. Sixteen units of red blood cell 
mass, 15 unis of washed red blood cells from a cell saver, and 
massive amounts of Ringer's solution were infused with eventual 
stabilization of the BP and pulse. On the third postoperative day, 
acute respiretory failure necessitated ventilatory support with 
positive end-2xpiratery pressure of 10 cm of water. Tracheostomy 
was done th2 tenth day, and the respiratory failure gradually 
improved. Acute tubular necrosis appeared on the fifth post- 
operative day, first by high-output renal failure and then by 


Accepted for publication Aug 12, 1985. 

From the Department ef Surgery, St Joseph’s Hospital (Drs Sarazin and 
Sauter), and the Medical College of Wisconsin, Milwaukee (Dr Sauter). Dr 
Sarazin is now in private practice in Houghton, Mich. 

Reprint requests to Department of Surgery, St Joseph’s Hospital, 5000 W 
Chambers St, Milwaukee, WI 53210 (Dr Sauter). 


246 Arch Surg—Vol 121, Feb 1986 





oliguria. The serum urea nitrogen value reached 97 mg/dL and the 
serur creatinine level 11.4 mg/dL. Renal dialysis was carried out 
and kidney function improved gradually. Total parenteral hyperali- 
mentetion with 3,000 calories/day was begun on the first 
postoperative day. On the 31st day massive ascites developed. 
Paracentesis removed 5,000 mL of milky fluid. Similar amounts 
were removed on four more occasions. Laboratory analysis re- 
vealec the following values: protein, 3.2 g/dL; triglycerides, 
373 mz/dL, with 1,050 cells per cubic millimeter, predominately of 
the lymphatic series; the sample was negative for pathogens, acid- 
fast bacilli, and fungi. Reaccumulation of fluid caused abdominal 
pain, distention, and dyspnea. Hypoproteinemia (total protein 
value, 4.2 g/dL) and peripheral edema developed. 

Ligation of the leaking lymphatics was considered at this time. 
Because of the prior complicated course, a less invasive operation 
was scught. A LeVeen shunt was placed on May 19, 1983 and the 
ascites permanently disappeared. Three days later the total paren- 
tera! mutrition therapy was discontinued and a low-fat diet was 
resumed. After two weeks a Doppler examination of the shunt 
revealed no flow. This was confirmed by a technetium Tc 99m sulfur 
colloid intraperitoneal injection. The shunt was removed and the 
patient was discharged on June 14, 1983, ninety-three days after 
admission and 25 days following shunt insertion. The total protein 
level returned to 6.8 g/dL and the peripheral edema disappeared. 
Follew-up over 24 months revealed gradual return of strength and 
no evidence of ascites. 


COMMENT 


Chrlous ascites occurs in one of 11,000 hospital admis- 
sions” and is more prevalent than previously because of 
advances in cancer therapy and more extensive surgical 
operacions. The cause may be spontaneous or traumatic.’ 
The outcome may be fatal, and survival irrespective of cause 
has ben listed as 48% for adults and 24% for children.’ 
Postsurgically, however, patients do better.* During repair 
of an abdominal aneurysm, leakage of chyle is not an 
unusual observation. In these as well as in other retro- 
peritcmeal dissections, the chyle cistern is particularly 
vulnerable to injury. Closer attention to clipping, cauteriz- 


Cases in Which Peritoneovenous Shunts 
Were Used to Treat Chylous Ascites 
Source, yr Cause (No. of Cases) 


LeVsen et al,'? 1976 Distal splenorenal shunts (5), 
congenital (2), spontaneous (3) 

Retroperitoneal lymphadenectomy (1) 

Congenital (1) 

General lymphangeomatosis* (1) 

Retroperitoneal cystic hygroma (1) 





Miedema et al,'” 1978 
Porter et al,'? 1978 
Chang et al,™8 1980 
Ryan et al, 1981 


*Term coined by Chang et al?! refers to multiple lymphangioma of the 
abdomi al viscera that have leaked and caused chylous ascites. 
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ing, or ligating these lymphatic areas may be effective in 
preventing chylaus ascites. A list of surgical trauma-cases 
resulting in chylous ascites follows. 
Operatien/Source No. of Cases 
Portosystemic decompression*” 10 
Aortic aneurysm" 5 
Retroperitoneal lymph node 
dissection” 
Vagotamy™””™ 
Celiac ganglionectomy” 
Repair of malretation® 
Small-bowel resection® 
Radical nephreetomy™ 
Pancreataduodenectomy” 
Peritoneal dialysis” 
Blunt trauma” 
Unspecified" 
Total 37 
The five eases of aortic aneurysm include the present case. 

Some eases reported have benefited from simple mea- 
sures such as repeated paracentesis. Hashim et al” have 
advocated low-fat (medium-chain triglyceride) diets. By 
using this diet (transported chiefly by the portal vein) 
instead of long-chain triglycerides (transported by in- 
testinal lymphatics into the thoracic duct), accumulations of 
chylous ascitic fluid can be reduced. Meinke et alë have 
reported improvement by total restriction of oral intake 
combined with parenteral hyperalimentation presumably 
by avoiding the production of intestinal chyle. 

Direct surgical ligation of the leaking lymphatics has also 
been carried out successfully.’ A significant number of such 
cases have failed to reveal the source of the extravasation. 
Lymphangiograms with ethiodized oil will temporarily 
aggravate chyle formation but may enable the surgeon to 
approximate the fistula on roentgenography. Sudan III 
given orally several hours before exploration or various blue 
dyes injected via foot lymphatics before surgery may pin- 
point the origin at operation. More recently, isosulfan blue 
(Lymphazurin 1%) as described by Rubis et al has shown 
good success. ** 

Because of success in cirrhotic ascites and malignant 
ascites, the shunt was considered. Because of the severe 
complications and presence of a graft, a simple procedure 
seemed desirable. The infusion of chyle IV is not a new 
procedure and has been successfully used in the past.” 
Although sudden death has occurred, presumably due to 
anaphylaxis,” relatively few problems have occurred.:Com- 
plications such as infection, peritonitis, and death’ and 
diffuse intravascular coagulopathy have occurred.*” 

The feared but classic fat embolus syndrome has not, to 
our knowledge, been documented in the literature. Recent 
cases utilizing a peritoneovenous shunt are listed in the 
Table. If chyleus ascites developing spontaneously or after 
surgery does net respond to conservative measures, a 
peritoneevenous shunt is a suitable if not a preferable 
alternative to formal laparotomy. 
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MICROBIOLOGY: The bactencical activity of Ceftriaxone results from inhibition of cell wall synthesis 
Ceftriaxone has a high degree of stability in the presence of beta-lactamases. both penicilinases and 


GRAM-NEGATIVE AEROBES: Enterobacter aerogenes, Enterobacter cloacae, Eschenchia coh, Hae- 
incuding empicillin-resistant Strains), H.parainfluenzae. Klebsiella species (includ- 
Ing K pneumoniae), Nessena gonorrhoeae (including penicillinase and nonpenicillinase producing 
Strains). Neissena meningitidis, Protevs mirabiis, Proteus vuigans, Morganella morgann and Serratia 


Note: Many strains of the above organisms that are multiply resistant to other antibiotics. e9. penicillins, 
Cephalospomns anc aminoglycosides, are Susceptible to ceftriaxone sodium 


GRAM-POSITIVE AEROBES. Staphylococcus aureus (including penicillinase-producing strains) and 


agalactiae (Group B streptococas) end Streptococcus pneumoniae (Note Most strains of enterococci, 
Streptococcus faecais and Group D Streptococci are resistant ) 
Ceftnaxons also demons-rates invitio activity against the following microorganisms, although the clinical 


GRAM-NEGATIVE 4EROBES. Crsobacter freundu, Citrobacter diversus, Provdencia species (including 
Provdencia rettgen). Salmonella species (including S$ typom), Shigella species and Acinetobacter 
calcoacetcus. 

ANAEROBES: Bacteroides speces, Clestadium Species (Note most strains of C difficile are resistant) 


Laboratory results cf the standasdized Single-disk susceptibility test using a 30:mcg cettnaxone disk 

should be wterpreted according te the following three cntena 

1. Susceptible organisms produce zones of 18 mm Or greater. indicating that the tested organism is likely 
to respond to therapy 

2 Organisms that produce zones of 14to 17 mm are expected to be susceptible it a high dosage (not to 
exceed'4 gm per day) sused or if the infection is confined to tissues and fluids (eg. urine). in which 
high antibiotic levels are attained. 

3. Resistant organisms produce zones of 13mm or less. indicating that otner therapy should be selected 

Organisms shouid be tested with the Ce*triaxone disk. since ceftriaxone has been shown by in vitro tests 

to be active against Certain strains foung resistant to cephalosporin class disks 

Organisms having zones of less than 18 mm around the cephalothin disk are not necessarily of 

intermediate SUSCEp' ibility or resistant tc ceftriaxone 

Standardized proceaures require use of control organisms The30-mcg ceftriaxone disk should give zone 

diameters between 29.anc 35 mr, 22 and 28 mmand 17 and 23mm for the reference strains E coli ATCC 

25922. S. aureus ATCC 25923 anc P aeruginosa ATCC 27853. respectively 

DILUTION TECHNIQUES. Based cn the pharmacokinetic profile of ceftriaxone, a bacterial isolate may be 

considerec susceptibie if the MIC value for ceftriaxone is net more than 16 mcg/ml. Organisms are 

Considerec resistant to cettmaxone if "he'MIC is equal to or greater than 64 mcg/ml. Organisms having an 

MIC value af less than 64 rog/mi but Greater than 16 mcg/mi, are expected to be susceptible if a high 

dosage (Nc! to exceed 4 QmHer day) :s used or if the infection Is confined to tissues and fluids (eg, urine), 

in which Neh antibiotic levels are cttained 

E coli ATCE 25922. S aureus ATCC 25823 and P aeruginosa ATCC 27853 are also the recommended 

reference sirains for controling cettriaxane dilution tests Greater than 95% of MICs for the E coli strain 

Should fall within the range of 0016 10.05 mcg/ml. The range tor the S. aureus strain should be 1 to 2 

mcg/ml, while for the P aeruginosa strain the range should be 8 to 64 mcg/ml 

INDICATIONS AND USAGE: Roce2hin is incicated for the treatment of the following infections when 

Caused by susceptible organisms. 

LOWER RESPIRATORY TRACT INFECTIONS caused by Strep pneumoniae, Streptococcus species 

(excluding enterococci), Staph aureus, H influenzae. H parainiiuenzae, Klebsiella species (including K. 

pneumonias), E cou E aerogenes, Proteus mirabilis and Serratia marcescens 

SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus, Staph epidermidis. Streptococcus 

species (exclucing enterococci), E. cloacae Klebsiella species (including K pneumoniae), Proteus 

mirabilis ard Pseudonones.aerugnosa 

URINARY TRACT INFECTIONS (complicated and uncomplicated) caused by E. coh, Proteus mirabilis, 

Proteus vulgans. M morgane and Fiebsiella species (including K pneumoniae) 

UNCOMPLICATED GONORRHES (cervical/urethral and rectal) caused by Neisseria gonorrhoeae. 

including both penicillinase anc nonpenicillinase producing strains, 

PELVIC INFLAMMATORY DISEASE caused by N gonorrhoeae 

BACTERIA. SEPTICEMIA causec by Staph aureus, Strep paeumoniae E coli, H influenzae and K. 

pneumonie2 

BONE ANC JONT INFECTIONS caused by Staph aureus. Strep. pneumomae. Streptococcus species 

(excluding enterococci), E cell, P mirabilis, K pneumoniae and E nterobacter species 

INTRA: ABGOMINAL INFECTIONS caused by E coli and K pneumoniae 

MENINGITIS causes dy H rtluenzae N. meningitidis and Strep pneumoniae Ceftnaxone has also been 

used successtully n a limted number of cases of meningitis and shunt infections caused by Staph 

epidermidis anc E coh 

PROPHYLAXIS. The admunistration of a Single dose of ceftriaxone preoperatively may reduce the inci- 

dence of postoperative infections in patients undergoing coronary artery bypass surgery 

Although cettnaxone nas been showr tonave been as effective:as cefazolin in the prevention of infection 

following coronary artery bypass Surgery, NO placebo-controlied trials have been conducted to evaluate 

any Cephalesporin antiboticin theprevention of infection following coronary artery bypass surgery 

SUSCEPTIBILITY TESTING. Before instituting treatment with Rocephin, appropriate specimens should 

Cr isolation of the causa ism and tor determination of its susceptibility to the drug. 

Therapy may be instituted pror to @otaining results of susceptibility testing 

CONTRAINBICATIONS: Rocephin is conteancicated in Patients with known allergy to the cephalosporin 

Class of antibiotics. 

WARNINGS: BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED, CAREFUL INQUIRY SHOULD BE 

MADE TO DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY REAC. 


NEOUS EPINEPHRINE AND OTHER EMERGENCY MEASURES. 
Pseudomembranous colitis has beer reported with the use of cephalosporins (and other broad-spec 
trum antibicics) therefore, itis important to consider its Diagnosis in patients who develop diarrhea in 
association with antibiotic vse 
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ROCEPHIR” (seftriaxone sodium/Roche) 

Treatmentwitlt broad-spectrum antibiotics alters the normal flora of the colon and may permit overgrowth 
of closinda. Sudies indicate a toxin produced by Clostridium difficile is one primary cause of antibiotic. 
associates C@tis Cholestyramine and colestipol resins have been shown to bind to the toxin wn vitro 
Mild cases of Zolitis respond to drug discontinuance alone Moderate to severe cases should be man. 
aged with uic, electrolyte and protein supplementation as indicated 

When thæcoitis is not releved by drug diseontinuance or when it is Severe, oral vancomycin is the 
treatment of moce for antibiotic-associated pseudomembranous colitis produced by C difficile Other 
Causes of >olrs should also be considered 

PRECAUTION®: GENERAL Although transient elevations of BUN and serum creatinine have been 
Observed. at te recommended dosages. the nephrotoxic potential of Rocephin is similar to that of other 
cephalosporirs 

Ceftnaxone is excreted via both biliary and renal excretion (see Clinical Pharmacology) Therefore, patients 
with renal faure normally require no adjustment in dosage when usual doses of Rocephin are 
administered. su! concentrations of Grug in the serum should be monitored periodically If evidence of 
accumulation *xists, dosage should be decreased accordingly 

Dosage aqjus nents should not be necessary in patients with hepatic dysfunction. however. in patents 
with both mepetic dysfunction and significantrenal disease. Rocephin dosage should not exceed 2 gm 
daily withcut cose monitoring of serum concentrations. 

Alterations in «rothrombin times have occurred rarely in patients treated with Rocephin. Patents with 
impaired vearmn K synthesis or low vitamin K stores (eg. chromic hepatic disease and Mainutntion) may 
require manteing of prothrombin time during Rocephin treatment. Vitamin K administration (10 mg 
weekly) may be necessary if the prothrombin time is prolonged before or during therapy. 

Prolonged useat Rocephin may resultin overgrowth of nonsusceptible organisms. Careful observation of 
the patients essential if superintection occurs during therapy. appropriate measures should be taken 
Rocephin shasid be prescribed with caution in individuals with a history of gastrointestinal disease. 
especially 2oli=s 

CARCINO®EMESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY Carcinogenesis. Considering the 
Maximum guration of treatment and the class of the compound. Carcinogenicity studies with ceftnaxone 
in animals ave not been performed. The maximum duration of animal toxicity studies was six months 
Mutagenesms Genetic toxicology tests included the Ames lest. a micronucleus test and a test for 
chromosomal aberrations in human lymphocytes cultured in vitro with ceftriaxone Ceftriaxone showed 
NO potenti fowmutagenic activity in these studies 

Imparmere of -ertility Ceftriaxone produced no impairment of fertility when given intravenously to rats at 
daily dese= upto 586 mg/kg/day. approximately 20 limes the recommended clinical dose of 2 Qm/day 
PREGNANCY @ratogenic EHects Pregnancy Category B Reproductive studies have been performed in 
mice and rats it doses up to 20 times the usual human dose and have no evidence of embryotoxicity, 
fetotoxicity or teratogenicity. In primates, no emDryotoxicity or teratogenicity was demonstrated at a dose 
approxima=aly *wee times the human dose 

There are. however, no adequate and well-controlled Studies in pregnant women. Because animal 
reproduct sudies are not always predictive of human response. this drug should be used during 
pregnancy on! if clearly needed. 

Nonteratogene Effects. In rats, in the Segment | (fertility and general reproduction) and Segment Ii 
(perinatal Ed aostnatal) studies with intravenously administered ceftriaxone, no adverse effects were 
noted on varicus reproductive parameters during gestation and lactation, including postnatal growth, 
functional behavior and reproductive ability of tne offspring, at doses of 586 mg/kg/day or less 
NURSING “O "HERS Low concentrations of ceftriaxone are excreted in human milk Caution should be 


PEDIATRIC US Satety and ettectiveness ot Rocephin in neonates. infants and children have been 
described in the Dosage and Administration section 

ADVERSE BEA: TIONS: Rocephin is generally well tolerated in clinical tnals, the following adverse reac 
tions, whic were Considered to be related to Rocephin therapy or of uncertain etiology, were observed: 
LOCAL RE“~CTONS —pain, induration or tenderness at the site of injection (1%) Less frequently reported 
(less than 16) was phiebitis after IV administration. 

HYPERSElS/MVITY —rash (17%) Less frequently reported (less than 1%) were pruritus, fever or chills. 
HEMATOLOGIC —eosinophilia (6%), thrombocytosis (51%) and leukopenia (21%) Less frequently 
reported (less twan 1%) were anemia. neutropenia, lymphopenia, thrombocytopenia and prolongation of 
the prothrombr time 

GASTROINESINAL —diarrhea (27%) Less frequently reported (less than 1%) were nausea or vomiting, 
and dysgeusia 

HEPATIC —alevations of SGOT (3 1%) or SGPT (3.3%) Less frequently reported (less than 1%) were 
elevations © alkaline phosphatase and bilirubin 

RENAL —e®vasons of the BUN (1 2%) Less frequently reported (less than 1%) were elevations of 
Creatinine and Me presence of casts in the unne 

CENTRAL MERMOUS SYSTEM —headache or dizziness were reported occasionally (less than 1%) 
GENITOUR"VA@Y —moniliasis or vaginitis werereported occasionally (less than 1%) 

MISCELLAWECUS —diaphoresis and flushing were reported occasionally (less than 1%) 

Other rarely otServed adverse reactions (less than 01%) include leukocytosis, lymphocytosis, mono- 
cytosis, ba©pħha, a decrease in the prothrombin time. jaundice. glycosuna, hematuria, bronchospasm, 
serum sickmess abdominal pain, colitis, flatulence dyspepsia, palpitations and epistaxis 

DOSAGE AMD ADMINISTRATION: Roceptwn may be administered intravenously or intramuscularly The 
usual adult wail»dose is 1 to 2 gm given once a day (or in equally divided doses twice a day) depending on 
the type ane! seerity of the infection The total daily dose should not exceed 4 grams 

For the treatment of serious miscellaneous infections in Chidren, other than meningitis, the recom 
mendedtotal daly dose ıs 50 to 75 mg/kg (not to exceed 2 grams). given in divided doses every 12 hours 
Generally, Foceahin therapy should be continued for at least two days alter the signs and symptoms of 
infection’hare Csappeared The usual duratiomis 4 to 14 days. in complicated infections longer therapy 
may be reqmree. 

In the treatmento! meningitis, a daily dose of 100 mg/kg (Not to exceed 4 grams), given in divided doses 
every 12 Nowrs, should be administered with or without a loading dose of 75 mg/kg 

For the treament of uncomplicated gonococeal infections. a single intramuscular dose of 250 mg Is 
recommenced 

For preoperative use (surgical prophylaxis), a single dose of 1 gm administered Y> to 2 hours betore 
surgery is resorwnended 

When treating i= fections caused by Streptococcus pyogenes, therapy should be continued tor at least 
len days. 

No dosage adjestment is necessary for patients with impairment of renal or hepatic function, however, 
blood level=shauld be monitored in patients with severe renal impairment (eg, dialysis patients) and in 
Patients wit! DC h renal and hepatic dysfunctions 

HOW SUPPBIEL Rocephin (ceftnaxone sodium/Roche) is supplied as a sterile crystalline powder in glass 
vials andipicgyleack bottles. The following packages are available 

Vials Contaiming250 mg equivalent of ceftnaxone Boxes of 10 (NDC 0004.1962.01 ) 

Vials ContaimncS00 mg equivalent of cettnaxone Boxes of 10 (NDC 0004 1963.01) 

Vials Contaimnct gm equivalent of ceftriaxone Boxes of 10 (NDC 0004-1964-01) 

Piggyback bottles containing 1 gm equivalent of ceftriaxone Boxes of 10 (NDC 0004. 1964.03) 

Vials contaimng? gm equivalent of cefinaxone Boxes of 10 (NDC 0004-1965.01 ) 

Piggyback bottles containing 2 gm equivalent of ceftnaxone Boxes of 10 (NDC 0004 1965-03) 

Bulk pharmacy =ontainers, containing 10 gm equivalent of cettnaxone Boxes of 1 (NDC 0004-1971-01) 
NOT FOR DIRECT ADMINISTRATION 


Roche Laboratories 
Divisiomot Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 ® 
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Prysiobgy and Metabolism in Isolated Viral Septicemia: 
Further Evidence of an Organism-Independent, Host-Dependent Response ..........-----: ss sssrrr rr 21 
Slifforc Scott Deutschman, MD, Minneapolis; 
Erank N. Konstantinides, St Paul, Minn; Michael Tsai, PhD; 
Richard L. Simmons, MD; Frank B. Cerra, MD, Minneapelis 
r The systemic response of patients with viral infections 
r was similar to that due to bacteria or fungi. 
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Gary F. Seabrook, MD; Jonathan B. Towne, MD, Milwaukee, Wis 
we The formation of an adherent bacteria biofilm may be an 
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Ronalc T. Lewis, MB, FRCS(C); R. Graydon Godall, MD, FRCS(C); 
Breen Marien, MD, FRCS(C); Myung Park, MD, FRCS(C); 
Walter Lloyd-Smith, MD, FRCS(C); A 
Frederck M. Wiegand, MD, FRCS(C), Montreal | 
The efficacy of preoperative antibiotics in high-risk patients | 
having biliary tract operations is documented. | 
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Carol L. Wells, PhD; Michael A. Maddaus, MD; | 
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Mice considered macrophage-defective had decreased translocation | 
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J. Paul Waymack, MD; Lois Gallon; Uno Barcelli, MD; 
Orrawia Trocki, MS, RD; J. Wesley Alexander, MD, ScD, Cincinnati 
Allogenic transfusions were associated with decreased 
macrophage migration and production of prostaglandin E. 
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Hemorrhage Without Tissue Trauma Produces Immunosuppression 
and Enhances EEE o E i vues germ. (fee O L L gee EA 62 
Rabie N. Stephan, MD; Thomas $. Kupper, MD; Alexander S. Geha, MD; 
Arthu- E. Baue, MD; Irshad H. Chaudry, PhD 
Tha mitogen response and mixed lymphocyte reaction were 
suppressed for five days after an arterial bleed. 


C-Reactive Protein Levels Predict Postoperative Septic EE Src, co py ee E E e Ne 69 
Robert A. Mustard, Jr, MD, FRCS(C); John M. A. Bohnen, MD, FRCS(C); 
Sabeha Haseeb, MD; Rafal Kasina, MD, Toronto 
A rise in C-reactive protein levels after operation and a fall to 
normal after the second day with no secondary rise indicates thet 
sepsis will not develop. 
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F Comperison of Quantitative Microbiology and Histopathology 

A in Divided Burn-Wound Be A ee ce Sakai Mien aasi, dd Joss UAL Megan aie a 74 
es Albert T. McManus, PhD: Seung H. Kim, MD; William F. McManus, MD; 

a Arthur D. Mason, Jr, MD; Basil A. Pruitt, Jr, MD, Fort Sam Houston, Tex 

. Quantitative microbiology is not a substitute for histologic 

examination in the diagnosis of invasive infection. 
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. Ronaid Siman. MD; Warren Wetzel, MD; Kim Winsey, MD; 

Stanley M. Lavenson, MD; Achilles A. Demetriou, MD, PhD, Bronx, NY 
Dietary supplementation with tyrosine enhanced tolerance to 
intra-abdominal sepsis and hemorrhage. 
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Henry M. Cryer, MD: R. Neal Garrison, MD; Herman W. Kaebnick, MD; 
Patrick D. Harris, PhD; Lewis M. Flint, MD, Louisville, Ky 
With sepsis there was dilation of small terminal arterioles in 
skeletal muscle. 
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Ori D. Rotstein, MD, Toronto: Carol L. Wells, PhD; 
Timothy L. Pruett, MD; Jennifer J. Sorenson; 
gz. Richard L. Simmons, MD, Minneapolis 
F Bacteroides fragilis produces a soluble leukocyte inhibitory 
F factor that could be succinic acid. 
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| Brian M. Freed, MA; Robert Rapoport; Neil Lempert, MD, Albany, NY 
Hydrogen peroxide, which can be produced by phagocytes, is ar 
k in vitro inhibitor of T-cell responses. 


H Macrophages and Translymphatic Absorption Represent the 
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5 David L. Dunn, MD, PhD; Roderick A. Barke, MD; David C. Ewald: 

-RA Richerd L. Simmons, MD, Minneapolis 

Lymphatic clearance accounted for the greatest amount of bacterial 

removal initially followed by macrophage phagocytosis. 
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Roger W. Yurt, MD, G. Tom Shires, MD, New York 
Animals infused with a chemotaxin had a shorter survival time 
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TPN isnt the only way 
to get TPN results. | 






VIVONE® 
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Like TPN, VIVONEX’ TE! T. EN. is s truly elemental for rapid return 
to positive nitrogen balance. 





in a controlled study of 20 major abdominal surgery patients on either TPN or 
VIVONEX T.E.N., the changein mean nitrogen balance was as follows’: 
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VIVONEX* 


The benefits of 

ola W TPN, enterally... 
(TOTAL ENTERAL at a fraction 
ae NUTRITION) of the cost. 





1. Bower RH, Talarrani MA, Sax HC, Norwich Eaton 
et al: Postoperativeenteral vs parenteral Norwich Eaton Pharmaceuticals, Inc 
nutrition: A random zee controlled trial Norwich, New York 13815-0231 
Arch Sura 1986; 12>: 1040-1045 © 1985 NEPI A Procter & Gamble Company 





















No concealer is easier to apply. 
Because only a small amount of 
Dermablend Cover Creme is need- 
ed, it is perhaps the most simple of 


Ea oY TO U Se. all concealment products to use on 
E the face or body. And because it is 
asy O nN nationally distributed, patients may 
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Duy directly from a Dermablend 


DERMABLEND Porua 
COVER SYSTEM’ 


A natural looking 
camouflage 


for: birthmarks, burns, 


pigmentation disorders, 


b s Benefits meet most patient needs. 

post-su rger y discolor ations, Dermablend Cover Creme, with 
TETT its companion Setting Powder, is 

vitiligo, Scars, ©) f waterproof, smudge resistant, 

- : fragrance free, non-greasy and 
skin blemishes. long lasting. Never heavy or mask- 
like, the Covered area looks like 
Natural skin. 
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P 
Tested subjects had no allergic 

3 reactions. 

aaee Subjects, ages 5 to 59, male and 

female, experienced no adverse 

effects from the use of Dermablend. 

Mast commented favorably on the 
excellent color match they were 

able to obtain. With eight primary 
shades from pale ivory to deep 

brown, each was pleased with 

the results. 

For further information, write: 
Dermablend Corrective Cosmetics 

RO. Box 601, Farmingdale, N.J. 07727 

or call toll-free 800-631-2158 
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. Highly Active Against B. fragilis and — 
~ Other Gram-negative Organisms 


‘Cefizox’ Equal in Clinical Efficacy 
B. fragilis Activity to Tobramycin/Clindamycin 
Comparable to Mefoxin* for Intra-abdominal Sepsis‘ 





‘CEFIZOX) = ‘MEFOXIN’ 


Bacteriological Clinical 


‘ferences MIC% MIC : 
References Cure Cure 


(No. strains) (No. strains) 


| Aldridge, KE. etal.’ 16 meg./ml. (100) | 32 meg./ml. (100) 
Fu, K.P, and Neu, H.C.” 25 mcg./ml. (20) | 25 mcg./ml. (20) 


Therapy 







tobramycin+ 
Chow, A.W., anc Finegold, S.M? 29 mcg./ml. (49) | 32 mcg./ml. (49) clindamycin 






& © Fewer serious side effects than: aminoglycoside combination therapy 


e No MTT or MTZ side chain which has been associated with disulfiram-like 
reactions and hypoprothrombinemia 


e Lower cost of therapy* than: Mefoxin’ (cefoxitin, MSD), tobramycin and clindamycin 
e Offers b.i.d. dosing for all but life-threatening infections 


Outstanding mixed aerobic/anaerobic coverage 


Cefizox iv 


ceftizoxime sOdium 





In vitro activity does not necessarily imply in vivo effectiveness. 
“Includes cost ofidrug and drug administration on a daily basis. Based on manufacturers’ lowest recommended dose for severe infection. 
1. Aldridge, K.E., 2t al.: Comparison of the activities of penicillin G and new -lactam antibiotics against clinical isolates of Bacteroides species, Antimicrob. Agents 
Chemother. 26: 410-413, 1984. 2. Fu, K.P., and Neu, H.C.: Antibacterial activity of ceftizoxime. a B-lactamase-stable cephalosporin, Antimicrob. Agents Chemother. 17: 
983-590, 1980. 3 Chow, A.W, and Finegold, S.M.: /n-vitro activity of ceftizoxime against anaerobic bacteria and comparison with other cephalosporins, J. Antimicrob. 


» Chemother. 10 (Suppl. C): 45-50, 1982. 4 Solomkin, J.S., and Lentnek, A.L.: A randomized multicenter trial of ceftizoxime vs. tobramycin/clindamycin for intra-abdominal 
æ infection, 24th Irternat. Conf. Antimicrob. Agents Chemother, (Abstraet 957) 1984. 


Please see bref summary of prescribing information on last page of this advertisement. 
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sterile ceftizoxime sodium 
and ceftizoxime sodium injection 





Before prescribing, see complete prescribing information in SK&F literature or PDR The 
following is a brief summary. 

INDICATIONS 

‘Cefizox’ is indicated in thetreatment of infections due to susceptible strains of the micro- 
organisms listed below: 


LOWER RESPIRATORY TRACT INFECTIONS caused by Streptococcus sp. including S. 
pneumoniae (formerly D. pneumoniae), but excluding enterococci: Klebsiella sp.; Proteus mir- 
abilis; Escherichia coli; Haemophilus influenzae including ampicillin-resistant strains: Staphy- 
lococcus aureus (penicillinase and nonpenicillinase producing); Serratia sp.; Enterobacter sp.; 
and Bacteroides sp. 


URINARY TRACT INFECTIONS caused by Staphylococcus aureus (penicillinase and non- 
penicillinase producing); Escherichia coli: Pseudomonas sp. including Ps. aeruginosa; Proteus 
mirabilis; P vulgaris; Providencia reitgeri (formerly Proteus rettgeri) and Morganella morganii 
(formerly Proteus morganii): Klebsiella sp.; Serratia sp. including S. marcescens: Enterobacter sp. 
GONORRHEA. Uncomplicated cervical and urethral gonorrhea caused by Neisseria gonorrhoeae. 
INTRA-ABDOMINAL INFECTIONS caused by Escherichia coli: Staphylococcus epidermidis; 
Streptococcus sp. (excluding enterococci); Enterobacter sp.; Klebsiella sp.; Bacteroides sp. 
including B. fragilis; and anaerabic cocci, including Peptococcus sp. and Peptostreptococcus sp. 
SEPTICEMIA caused by Streptococcus sp. including S. pneumoniae (formerly D. pneumoniae), 
but excluding enterococci; Staphylococcus aureus (penicillinase and nonpenicillinase produc- 
ing); Escherichia coli; Bacteroides sp. including B. fragilis; Klebsiella sp.; and Serratia sp. 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staphylococcus aureus (penicillinase 
and nonpenicillinase producing); Stephylococcus epidermidis; Escherichia coli: Klebsiella 
sp.; Streptococcus sp. including Streptococcus pyogenes (group A beta-hemolytic), but excl uding 
enterococci; Proteus mirabilis; Serratia sp.; Enterobacter sp.; Bacteroides sp. including B. 
fragilis; and anaerobic cocci, induding Peptococcus sp. and Peptostreptococcus sp. 

BONE AND JOINT INFECTIONS caused by Staphylococcus aureus (penicillinase and non- 
penicillinase producing); Streptococcus sp. (excluding enterococci); Proteus mirabilis: Bacteroides 
sp.; and anaerobic cocci, including Peptococcus sp. and Peptostreptococcus sp. 

MENINGITIS caused by Haemaphilus influenzae. ‘Cefizox has also been used successfully 

in the treatment ofa limited number of pediatric and adult cases of meningitis caused by Strep- 
tocoecus pneumoniae. 


‘Cefizox’ has been effective in the treatment of seriously ill, compromised patients, including 
those who were debilitated. ammunosuppressed or neutropenic. 

Many infections caused by aerobic gram-negative organisms and by mixtures of organisms 
resistant to other cephalosporins, aminoglycosides, or penicillins respond to treatment with 
‘Cefizox’. 

Because of the serious nature ofsome urinary tract infections due to Ps. aeruginosa and 
because many strains of Pseudomonas species are only moderately susceptible to ‘Cefizox’, higher 
dosage is recommended. Other therapy should be instituted if the response is not prompt. 


Susceptibility studies on specimens obtained prior to therapy should be used to determine the 
response of causative organisms te ‘Cefizox’. Therapy with ‘Cefizox’ may be initiated pending results 
of the studies; however, treatment should be adjusted according to study findings. In serious 
infections ‘Cefizox’ has been used concomitantly with aminoglycosides (see Precautions). Before 
using ‘Cefizox’ concomitantly with other antibiotics, the prescribing information for those 
agents should be reviewed for contraindications, warnings, precautions and adverse reactions. 
Renal function should be carefully monitored. 

CONTRAINDICATIONS 

‘Cefizox’ is contraindicated in persons who have shown hypersensitivity to cephalosporin 
antibiotics. 

WARNINGS 

BEFORE THERAPY WITH ‘CEFIZOX IS INSTITUTED, CAREFUL INQUIRY SHOULD 
BE MADE TO DETERMINE WHETHERTHE PATIENT HAS HAD PREVIOUS HYPERSEN- 


_ SITIVITY REACTIONS TO CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. 


THIS PRODUCT SHOULDBE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE PA- 
TIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT 
WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. 
SERIOUS ACUTE HY PERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 


_ ©Smith Kline & French Lateratcries, 1986 


Div. of SmithKline Beckman Corporation 
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Pseucoræembranous colitis has been reported with the use of cephalosporins (and other 
broad spectrum antibiotics); therefore, it is important to consider its diagnosis in patients who 
develaped diarrhea in association with antibiotic use. Treatment with broad-spectrum antibiotics 
alters nomnal flora of the colon and may permit overgrowth of Clostridia. Studies indicate a 
toxin prctuced by Clostridium difficile is one primary cause of antibiotic-associated colitis. 
Cholestyzamine and colestipol resins have been shown to bind the toxin in vitro. Mild cases of 
colitismay respond to drug discontinuance alone. Moderate to severe cases should be managed 
with fluid electrolyte and protein supplementation as indicated. When the colitis is not relieved 
by drus Giscontinuance or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C. difficile. Other causes of colitis 
shoulc alko be considered. 


PRECAUTIONS 

General: As with all broad-spectrum antibiotics, ‘Cefizox’ should be prescribed with caution in 
indivicue s with a history of gastrointestinal disease, particularly colitis. 

Although*Cefizox’ has not been shown to produce an alteration in renal function, renal status 
shoulc be evaluated, especially in seriously ill patients receiving maximum dose therapy. As 
with amy ntibiotic, prolonged use may result in overgrowth of nonsusceptible organisms. Care- 
ful obs2rnation is essential; appropriate measures should be taken if superinfection occurs. 
Drug Interactions: Although the occurrence has not been reported with ‘Cefizox’ nephrotox- 
icity has keen reported following concomitant administration of other cephalosporins and 
aminogly-osides. 

Pregnanay: (Category B.) Reproduction studies have been performed in rats and rabbits and 
have reve.led no evidence of impaired fertility or harm to the fetus due to ‘Cefizox’. There are, 
however, mo adequate and well-controlled studies in pregnant women. Because animal reproduc- 
tion studies are not always predictive of human response, this drug should be used during 
pregnanc> only if clearly needed. 

Labor ane Delivery: Safety of ‘Cefizox’ use during labor and delivery has not been established. 


Nursing Mothers: ‘Cefizox’ is excreted in human milk in low concentrations. Caution should be 
exercised when ‘Cefizox’ is administered to a nursing woman. 


Infantsand Children: Safety and efficacy in infants from birth to six months of age have not been 
established. In children six months of age and older, treatment with ‘Cefizox’ has been associated 
with transent elevated levels of eosinophils, SGOT, SGPT and CPK (creatine phosphokinase). 
The CPK levation may be related to I.M. administration. 

ADVERS< REACTIONS 

Ceftizoxirae is generally well tolerated; the most frequent adverse reactions (greater than 1%, but 
less than ™%) are: Hypersensitivity—Rash, pruritus, fever. Hepatic—Transient elevation in SGOT, 
SGPT anc alkaline phosphatase. Hematologic—Transient eosinophilia, thrombocytosis. 

Some indwiduals have developed a positive Coombs test. Local—Injection site—Burning, 
cellulite, phlebitis with I.V. administration, pain, induration, tenderness, paresthesia. 


Less freqiznt adverse reactions (less than 1%) are: Hypersensitivity—Numbness has been 
reported rarely. Hepatic—Elevation of bilirubin has been reported rarely. Renal—Transient eleva- 
tions ot BUN and creatinine have been occasionally observed with ceftizoxime. Hematologic— 
Anemia, leukopenia, neutropenia and thrombocytopenia have been reported rarely. 
Genitorrimary—Vaginitis has rarely occurred. Gastrointestinal—Diarrhea; nausea and vomiting 
have beznweported occasionally. Symptoms of pseudomembranous colitis can appear during 
or afterancibiotic treatment. (See Warnings.) 

HOW SUPPLIED 

Cefizo» (serile ceftizoxime sodium, FSK) is supplied in vials equivalent to 1 gram or 2 grams of 
ceftizomime; in “Piggyback” Vials for I.V. admixture equivalent to 1 gram or 2 grams of ceftizoxime. 
Cefizo» (ceftizoxime sodium injection, FSK) as a frozen, sterile, nonpyrogenic solution in 
plastic eortainers—supplied in 50 ml. single-dose containers equivalent to 1 gram or 2 grams of 
ceftizoxirre, in 5% Dextrose (D5W). Do not store above -20°C. 

‘Cefizoy’ supplied as a frozen, sterile, nonpyrogenic solution in plastic containers is manufactured 
for Fujisawa SmithKline Corporation by Travenol Laboratories, Inc., Deerfield, IL 60015. 
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Instructions for Authors 


Manuscripts are to be sent by first-class mail to the 
Editor, Arthur E. Baue, MD, Archives of Surgery, St 
Mary’s Health Center, 6420 Clayton Rd, St Louis, MO 
63117. The procedures listed must be followed carefully and 
all materials requested must be enclosed for prompt review 
and consideration for publication in the Archives of Sur- 
gery. Use the checklist to ensure completeness. 

Manuscript Preparation.—The original typescriwt and 
two higk-quality copies of the entire manuscript must be 
submitted, including copies of all illustrations, legends, ta- 
bles, and references. All copy, including references, leg- 
ends, and tables, must be typed double-spaced on 8¥2 x 11-in, 
heavy-duty white bond paper. Margins must be at least 1in. If 
a word processor is used, do not use justified right margins. 

Abstract.—Submit an abstract (135-word maximum) of 
the manuscript, which must include a statement of the 
problem, methods of study, results, and conclusions. The 
synopsis-abstract replaces a summary or conclusions. 

Copyright.—A copyright release form signed by all 
authors of manuscripts, brief communications, and corre- 
spondence is required by the Copyright Revision Act of 
1976. The following statement, dated and signed by all 
authors. may be used: “In consideration of the American 
Medica! Association’s taking action in reviewing and 
editing my submission, the author(s) undersigned 
hereby transfers, assigns, or otherwise conveys all copy- 
right ownership to the AMA in the event that such work is 
published by the AMA.” 

Financial Interest.—List all affiliations with or finan- 
cial invelvement in any organization or entity with a direct 
financial interest in the subject matter or materials of the 
research discussed in the manuscript (eg, employment, 
consultancies, stock ownership). All such information will 
be held in confidence during the review process. Should the 
manuscript be accepted, the Editor will discuss with the 
author the extent of disclosure appropriate for publication. 

References.—References should be listed in consecutive 
numerical order as they are cited in the text, not alpha- 
betically. Once a reference is cited, all subsequent citations 
should be to the original number. All references must be 
cited in the text or tables. Unpublished data and personal 
communication may not be listed as references. References 
to journal articles should include (1) authors, (2) title, (3) 
journal name as abbreviated in Index Medicus, (4) year, (5) 
volume number, and (6) inclusive page numbers—in that 
order. References to books should include (1) authors, (2) 
chapter title, if any, (3) editor, if any, (4) title of beok, (5) 
year, (6) city, and (7) publisher. Volume and edition num- 
bers, svecific pages, and name of translator should be 
included when appropriate. The author is responsible for 
the accaracy and completeness of the references and for 
their correct text citation. 

Author Responsibility.—One author must be desig- 
nated correspouding author, with his or her address and 
telephone number provided. All correspondence and copy 

, editing are sent to this author. The corresponding author 


+ will receive an edited typescript rather than galley proofs 


for approval. The authors are responsible for all statements 
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in their work, including changes made by the copy editor. 
Order reprints at the time the typescript is returned after 
editorial processing. Specify the address to which requests 
for reprints should be sent. 

Titles.—The title must be short, specific, and clear. It 
cannot exceed 42 characters per line, including punctuation 
and spaces, and is limited to two lines. The title page should 
include the full names and academic affiliations of all 
authors. If the manuscript was presented at a meeting, 
indicate the name of the organization, the place, and the 
date on which it was read. 

Metrication (and SI Units).—All measurements must 
be in metric units, with Systéme International (SI) unit 
equivalents given parenthetically, in accordance with AMA 
policy. 

Illustrations.—Use only illustrations that clarify and 
augment the text. Submit illustrations in triplicate. un- 
mounted and untrimmed. Do not send original artwork. 
Send high-contrast glossy prints (not photocopies). Figure 
number, name of senior author, and arrow indicating “top” 
should be typed on a gummed label and affixed to the back of 
each illustration. All lettering must be legible after reduc- 
tion to column size. Artwork submitted for publication may 
be relettered to achieve uniformity of lettering style 
throughout the journal. Illustrations should preferably be 
in a proportion of 5 x 7 in. Color illustrations are accepted 
for publication if the editors believe that color will add 
significantly to the published manuscript. The ARCHIVES 
will pay only part of the expense of color reproduction and 
printing color illustrations. The author's share of the ex- 
pense is $400 for up to six square finished illustrations that 
can be arranged on a one-page layout. Any additional 
illustrations or special effects will be billed to the author at 
cost. Positive color transparencies (35-mm preferred) must 
be submitted for an evaluation. Do not send color prints 
unless accompanied by original transparencies. 

Legends.—Legends must be typed double-spaced, be- 


CHECKLIST FOR AUTHORS 


Send: 

è Three copies of manuscript. 

e Three copies of synopsis-abstract. 

è Three copies of attached photographs, legends, 
tables, and/or illustrations clearly marked as 
described in the instructions. 

e A copyright release statement signed by all 


authors. 
è The address and telephone number of the desig- 
nated corresponding author. 
e Send to Arthur E. Baue, MD 
Archives of Surgery 
St Mary’s Health Center 
6420 Clayton Rd 
St Louis, MO 63117 
è Use sufficient postage. 
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ginning on a separate sheet of paper. Length is limited to a 
maximum of 40 words. 

Tables.—Each table must be typed double-spaced, in- 
cluding all headings, on a separate sheet of 8% x 11-in paper. 
Do not use larger-size paper. If a table must be continued, 
use a second sheet and repeat all heads and stubs. Each 
table must have a title. 

Manuscript Acceptance.—Manuscripts are received 
with the understanding that they are not under simul- 
taneous consideration by another publication. Accepted 
manuscripts become the permanent property of the AR- 
CHIVES and may not be published elsewhere without per- 
mission from the publisher (AMA). 


OTHER INFORMATION 


Brief Clinical Notes.—The ARCHIVES welcomes the 
submission of Brief Clinical Notes for review. These are 
generally reports of cases that provide a new or unique 
contribution and are to consist of no more than 400 words, 
two references, and one illustration. The synopsis-abstract 
may not exceed 80 words. 

Correspondence and Brief Communications. —The 
Editor is pleased to receive letters that pertain to material 
published in the ARCHIVES as well as brief communications 
concerning other matters of interest to our readers. An 
interesting case may be published as a brief communication. 
Such contributions should be 250 words or less, typewrit- 
ten, double-spaced without an abstract, and clearly marked 
“for publication.” No more than two references are permit- 
ted and illustrations or tables are acceptable only when 
essential to the message. 


Board-certified/Board-eligible 
general surgeon with interest or 
fellowship in colorectal surgery to 
join expanding department in 
multispecialty group practice, 
serving FFS and prepaid patients in 
Central Massachusetts. Send CV to: 


News and Announcements.—Brief notices may be sub- 
mitted of meetings, seminars, or symposiums that are of 
interest to surgeons. 

Acknowledgments. —[Illustrations from other publica- 
tions must be acknowledged. Include the following when 
applicable: authors, title of article, title of journal or book, 
volume number, pages, month and year. The publisher’s 
permission to reprint must be submitted to the ARCHIVES 
when the manuscript has been formally accepted. 

Statistical Review.— Manuscripts containing statistical 
evaluation should include the name and affiliation of the 
statistical reviewer. 

Informed Consent.—Manuscripts reporting the results 
of experimental investigations on human subjects must 
include a statement to the effect that informed consent was 
obtained after the nature of the procedure(s) had been fully 
explained. 

Reference to’ Patients.—Patients should be referred to 
by number or, in anecdotal reports, by fictitious given 
names. Real names or initials must not be used in the text, 
tables, or illustrations. 

Photographic Consents.—A letter of consent must ac- 
company all photographs of patients in which a possibility of 
identification exists. It is not sufficient to simply cover the 
eyes to mask identity. 

AMA Manual for Authors & Editors.—The AMA Man- 
ual for Authors and Editors, formerly the Style Book/Edi- 
torial Manual of the AMA, is available from Lange Medical 
Publieations, Drawer L, Los Altos, CA 94023. Single copy 
price: $18. Discounts are 10% for three to five copies and 15% 
for six or more copies. A shipping charge is added on all 
orders. 
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In intra-abdominal infection... 


| CEFOTAN.. 


Icefotetan disodium | 


STUART PHARMACEUTICALS 


Division of ICI Americas Inc 
Wilmington, Delaware 19897 


Please see last page 
of this advertisement for brief summary 
of prescribing information. 








CEFOTAN® (cefotetén disodium) is an ideal agent 
in the treatment of intra-abdominal infections due to 
susceptible pathogens including Bacteroides species 
such as B fragilis, but not B distasonis, B ovatus, or 
B thetaiotaomicron. 

As active as cefoxitin against Bacteroides fragilis— 
the most common anaerobe in intra-abdominal sepsis!— 
CEFOTAN provides superior gram-negative coverage 
and is particularly active against Escherichia coli and 
other common gram-negative pathogens. 


CEFOTAN is equal 
to cefoxitin in activity 
against B fragilis 








In vitro activity* against B fragilis 
MIC, (ug/ml) 


Investigator No. of Strains CEFOTAN Cefoxitin 


*In vitro activity does not necessarily correlate with in vivo effectiveness. 
tFor cefoxicin, 388 strains were studied. 


CEFOTAN has 

superior activity against 
the common l 
gram-negative organisms 


Comparison of in vitro activity against common gram-negative bacteria‘ 
MIC (ug/ml) (g/mL) 


Organism No. of Strains CEFOTAN Cefoxitin 


© 1986 ICI Americas Inc 





Investiaato’s. Ayers LW, Jones RN, Barry AL, et alé 





CEFOTAN has a half-life of 3 to 4.6 hours— 

more than 3 times that of cefoxitin? And CEFOTAN 
sustains effective plasma concentrations for 

12 hours. This outstanding pharmacokinetic profile 
permits twice-daily dosing in treatment and 
single-dcse prophylaxis. 


CEFOTAN—effective 
twice-daily treatment 
and single-dose 


prophylaxis 











O In US clinical studies of intra-abdominal infections, 
CEFOTAN demonstrated a clinical cure rate of 96%’ 


O In prophylaxis, CEFOTAN provides single-dose 
protection—even in delayed or prolonged procedures 


Clinical success* in abdominal surgical prophylaxis’ 


B liary tract 


/.ppendiceal 


Colorectal’ 





*Clinical successis defined as no signs or symptoms of intra-abdominal Investigators: Fabian T, Zellner S, Jagelman D, et al? 
or postoperatii® wound infection during the hospital stay and + Colorectal procedures were performed without 
follow-up period of seven to ten days postdischarge. benefit of preoperative oral bowel prep. 


In intra-abdominal infection 
due to indicated organisms 
Switch to 


CEFOTAN... 


© (Cefotetan disodium 


for brief summa ef prescribina information. The cost-effective replacement for cefoxitin 








CEFOTAN provides cost-effective therapy. 
For treatment, the usual adult dosage 

of CEFOTAN is 1 to 2 g every 12 hours* 

In prophylaxis, CEFOTAN is administered 
as a single 1- or 2-g dose.t 


Twice-daily CEFOTAN 
can save 45% in 
total treatment costs 








Overall cost of treatment with CEFOTAN and cefoxitin 









CEFOTAN Cefoxitin 










Regimen 2g b.i.d. 2g gid. 
Drug cost/dose $15.60 $13.60° 
Delivery cost/doses"” + 5.00 + 5.00 
Total cost/dose $20.60 $18.60 
Number of doses/day X2 x4 
Total cost/day $41.20 $74.40 










Cost savings/day $33.20 
Savings with CEFOTAN 45 yA 





*Maxımum daily dose should not exceed 6 g. In patients with renal impairment, dosage edjustment is necessary. (Consult brief summary.) 


‘In prophylaxis, CEFOTAN is administered 30 to 60 minutes prior to surgery or, In patients undergoing cesarean section, as soon as the umbilical 
cord is clamped. 


‘Direct price from Drug Topics Red Book, ed 90. Oradell, NJ, Medical Economics Co, p 328. 
‘Minimum overall costs af supplies and labor tor antibiotic preparation and administraticn. 


O Single-dose prophylaxis can save 63% when 
compared with cefoxitin‘ 


O0 CEFOTAN has a proven record of safety’ 
Adverse events are generally few and similar to those seen with 
first-generation cephalosporins. 


{Includes acquisition and delivery’? costs for comparable 


regimens—CEFOTAN, 2 g x 1; cefoxitin, 2 ¢ x 3. In intra-abdominal infection 
due to indicated organisms 


Switch to 


CEFOTAN... | 


a cefotetan disodium) 


summary of prescribing information. The cost-effective replacement for cefoxitin 





(cefotetan disodium) 


For Intravenaus or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE ~~ diet 
TREATMENT®CEFOTAN™” (cefotetan disodium) is indicated for the therapeutic treatment cf the 
following infections when caused by susceptible strains of the designated organisms: 


voae tractiinfections caused by F coli, Klebsiella species (including K pneumoniae), Proteus 
Ut 


mirabilis andwProteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, andWorganella morganii) 


Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococeus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus 
influenzae (ieclucing ampscillin-resistant strains), Klebsiella species (including K pneumaniae), 
and E coli 


Skin and skis structure infections caused by Staphylococcus aureus (penicillinase- and \onpenicil- 
linase-producing strains). Staphylococcus epidermidis, Streptococcus pyogenes and Streptococcus 
species (exciuding enteroeocci), and E coli 


Gynecologicinfections caused by Staphylococcus aureus’ (including penicillinase- and sonpenicil- 
linase-producing strains) Staphylococcus epidermidis,” Streptococcus species (excluding entero- 
cocci), E cof, Preteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excludingB distasonis. 
B ovatus, B ħetaiotaomicson), Fusobacterium species,‘ and gram-positive anaerobic casci (including 
Peptococcus and Peptosteeptococcus species’). 


intra-abdominal infections caused by E coli, Klebsiella species (including K pneumoniae’), Strepto- 
coccus spemes (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicren). 


Bone and jomt infectionscaused by Staphylococcus aureus ' 
“NOTE: Some strains of Staphylococcus epidermidis are resistant to cefotetan. 
‘Efficacy forthis organism in this organ system was studied in fewer than ten infections. 


PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence af certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
contaminated or potentiaity contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, 
transurethral surgery, biliary tract surgery, and gastrointestinal surgery). 

The proptylactic cose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients unaergaing cesarean section, CEFOTAN should be administered intravenously after the 
clamping ofthe umbilical cord 

If there as signs and symptoms of infection, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated, 


CONTRAINDICATIONS 
CEFOTAN isscontraindicated in patients with known allergy to the cephalosporin group at antibiotics 


WARNINGS 
Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient hasad ove pi eager reactions to cefotetan disodium, cephalosporins, 
nicillins or otherdrugs. This product should be given cautiously to penicillin-sensitive patients. 
biotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particularlyto n. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require rege and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
> eh antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea imassocialion with antibiotic use. 

Treatmert with broad-spectrum antibiotics may alter normal flora of the colon and may permit 
overgrowthof clostridia Studies indicate a toxin produced by Clostridium difficile is one pear) 
cause of amubiotic-assocated colitis. Cholestyramine and colestipol resins have been shown to bind 
the toxin inwitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should 
be manages with fluid, eectrolyte, and protein supplementation as indicated. When thescolitis is not 
relieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment af choice for 
Ae -eA pseudomembranous colitis produced by C difficile. Other causes should also be 
considere 


PRECAUTICNS 

GENERAL: As with atherdroad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 

sa of mnsusceptible organisms. Careful observation of the patient is essential. If superinfection 
oes occursiuring therapy, appropriate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment. or poor nutri- 
tional state Prothrambin times should be monitored in patients at risk and exogenous Vitamin K 
administered as indicated. 

CEFOTAM should De used with caution in individuals with a history of gastrointestinat disease, 
particularly colitis. 


INFORMATION FORPATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by flushing, sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc) is ingested within 7° hours after CEFOTAN administration. Patients should be cautioned about the 
ingestion d alcoholic beverages following the administration of CEFOTAN. 


DRUG INTERACTIONS: |! CEFOTAN and an aminoglycoside are used concomitantly, renal function 
should be carefully monttored, especially if higher ee of the aminoglycoside are to be adminis- 
tered or if Merapy is protonged, because of the potential nephrotoxicity and ototoxicityof aminoglyco- 
side antibietics Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, 
it is possitee that nephretoxicity may be potentiated if CEFOTAN is used concomitantly with an 
aminoglyceside. 


DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urime may occur 
with Benedict's or Fehling’s solution 

As with ether cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum andurine creatinme levels of Jaffe reaction and produce false increases in the levels of 
creatinine sported. 


CARCINOGENESIS. MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals hae net been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/ko/day (appro»8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
developmentally analogous to late childhood and prmpet in humans) resulted in reduced testicular 
weight anc seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogo- 
nia and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions 
were dosesdependent; at 120 mg/kg/day None 2-4 times the usual human dose), oniy 1 of 10 
treated anmmals was affected, and the degree of degeneration was mild. Similar lesions have been 
observed im experiments of comparable design with other Cem een cy ee 7 antibiotics 
and impaiæd fertility has been reported, particularly at high dose levels. No testicular effects were 
observed m 7-week-oldtrats treated with up to 1000 mg/kg/day SC for 5 weeks, or in infant dogs 
(3 weeks did) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these findings to 
humans isunkaowa 
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fertility oħarm to the fetus due to cefotetan. There are, however, no adequate and we#-controlled 
Studies in >regnan! women. Because animal reproductive studies are not always predictive of human 
response, this drug shauld be used during pregnancy only if clearly needed. 
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DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 


Creatinine Clearance 
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Papers Read Before the 6th Annual Meeting of the 


Surgical Infection Society, Chicago, 
April 21-22, 1986—Part | 


Old Problems, 


New and Persistent Challenges 


Presidential Address 


J. Wesley Alexander, MD, ScD 


F rom many points of view, infection control has been the 
most important single advance in the development of 
human destiny. Before the 17th century, frequent epidemics 
of diseases now presumed to be smallpox, plague, diph- 
theria, measles, cholera, and infectious diarrheal diseases, 
among others, swept through communities, killing as much 
as 90% of the population within a region. Until recently, as 
reflected by an increase in the average life span, infection 
was clearly the most common cause of death. With better 
nutrition and improved hygiene, world population began to 
increase enormously as more people lived long enough to 
propagate (Fig 1). The explosion in scientific methods 
within the last 150 years, particularly related to control of 
infection, has resulted in a fivefold increase in the number of 
human beings populating the earth during that period. 
Smallpox, one of the most common causes of death in the 
world just a few hundred years ago, is now an extinct 
disease, and plague, the black death of the Middle Ages, is 
now so rare that most physicians in the United States have 
not seen and never will see a case. 

Surgical practice has especially benefited from infection 
control.’ To Lister must go the credit for ushering in the 
antiseptic era with publication of his classic article in 1867. 
Antisepsis served its purpose well, for, with the abrupt 
reduction in infection rate and its attendant improvement in 
patient survival, it was really the knife that cut surgery free 
from its bonds of antiquity. Operations previously designed 
could now be done without fear of death from infections. The 
rapid appreciation of the equally monumental contributions 
of Pasteur, Semmelweis, and Koch led to the development of 
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surgical asepsis before 1900. Without change in concept in 
this century, asepsis continues to stand as the guardian for 
surgical success. 

Most surgeons entering practice within the last few 
decades find it hard to appreciate what surgical practice 
must have been like without asepsis and antisepsis. Pro- 
gressive improvements in wound care, the judicious use of 
prophylactic antibiotics, and the recovery of most patients 
even when infected had clearly diminished the perceived 
importance of surgical infections to most surgeons by the 
1970s. Surgical infections seemed to many to be becoming a 
nonexistent problem . . . or were they? Some estimates in 
the 1970s suggested that the economic cost of wound 
infections alone in the United States exceeded $10 billion 
yearly,” and it was clear that as surgical procedures became 
more complex with expansion of surgical frontiers, eertain 
groups of patients were at exceptional risk. As examples, in 
the majority of patients who died following burn injury, 
organ transplantation, or multisystem trauma requiring 
intensive care for more than five days, death was and 
continues to be a result of infectious complications. It was in 
this confusing milieu of qualified and partial suceess that 
the Surgical Infection Society was born. A brief review of 
the society may be helpful in gaining the perspectives 
needed to address the challenges we as a society must face 
in the next few years. I have elected to address this in terms 
of human development, ie, who were the forefathers and 
what were the acts that led to the conception of the society, 
the preparation for its emergence, the actual birth of the 
society, and its early childhood? 


EARLY DEVELOPMENT OF THE SOCIETY 
The Forefathers (Parents) 


In 1968, the Board of Regents of the American College of 
Surgeons authorized the formation of a committee on the 
control of surgical infections, with William A. Altemeier, 
MD, as its chairman, as a subcommittee of the Preoperative 
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Fig 1.—Relationsh p between average life expectancy and world 
population. 


and Postoperative Care Committee of the college. The 
charge to the committee was to write a manual for the 
college on the control of infection in surgical patients. John 
F. Burke, MD, George H. A. Clowes, Jr, MD, William R. 
Cole, MD, William R. Culbertson, MD, John H. Davis, MD, 
Lloyd D. MacLean, MD, Basil A. Pruitt, Jr, MD, Edwin J. 
Pulaski, MD, William R. Sandusky, MD, and Carl W. 
Walter, MD, were named to serve. To provide input from 
virtually every active investigator in the field of surgical 
infections, Dr Altemeier organized four symposia that were 
held between March 1970 and November 1972 to present 
data on the control of surgical infections. An editorial 
subcommittee consisting of Drs Altemeier, Burke, Pruitt, 
and Sandusky distilled the presentations of these symposia 
and wrote the manual that was published in 1976. During 
this same period, a group of young investigators began to 
meet on an impromptu and sporadic basis at the time of the 
meeting of the Society of University Surgeons. This group 
included John Border, MD, Richard Simmons, MD, Charles 
Baxter, MD, Joseph Moylan, MD, Donald Fry, MD, John 
Heggers, PhD, Martin Robson, MD, William Curreri, MD, 
Thomas Hunt, MD, Andrew Munster, MD, Carter N ance, 
MD, Lewis Flint, MD, Toni Hau, MD, John M. Davis, MD, 
Jonathan Meakins, MD, Glenn Warden, MD, Thomas Fitts, 
MD, Richard Howard, MD, Joseph Solomkin, MD, David 
Ahrenholz, MD, Donald Trunkey, MD, Robert Bartlett, 
MD, Richard Edlich, MD, John Heibert, MD, Hiram Polk, 
MD, Dr Pruitt, and me, among others. There was consider- 
able enthusiasm on the part of many of this impromptu 
group as well as former trainees of Dr Altemeier’s depart- 
ment, including Jonathan Meakins, MD, and Stanley Len- 
nard, MD, for the formation of a mere formalized society 
whose interests were devoted to surgical infections. It 
was realized that it would require the full support of Dr 
Altemeier for its formation. 


Foreplay 


The current president was selected as a point of contact 
with Dr Altemeier. When this idea was presented, Dr 
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Altemeier not surprisingly had already given considerable 
thought to the topic and had decided independently that the 
time was ripe to move forward. Dr Altemeier took a poll by 
telephone of several of the leading authorities in the field of 
surgical infections, receiving their strong support, al- 
though a few felt there were already enough societies with 
which to deal. Parasitizing somewhat on the structures of 
the constitution and bylaws of other surgical societies, an 
initial draft was written by me and corrected by Dr Alte- 
meier. A preorganizational meeting was then planned to be 
held in conjunction with the meeting of the American 
Surgical Association. 


Conception 


At this preorganizational meeting in Atlanta on April 23, 
1980, conception was provided by the eight surgeons who 
could attend (Drs Altemeier, Burke, Polk, and Walter and 
Peter Dineen, MD, Harold Laufman, MD, Jonathan 
Rhoads, MD, and Roger Sherman, MD) and two who could 
not attend and could only provide their input by proxy (Dr 
Pruitt and me). These ten individuals formed the founding 
fathers of the society. Dr Altemeier’s suggested name 
for the new child of surgical organizations, the Surgical 
Infection Society, was adopted and the proposed constitu- 
tion and bylaws were reviewed and revised. 


Preparation for Birth 


In addition to contributions of $250 from each of the ten 
founders, Dr Altemeier secured contributions from Abbott 
Laboratories (North Chicago, Il), Bristol Laboratories 
(Syracuse, NY), Eli Lilly and Co (Indianapolis), and Scher- 
ing-Pleugh Corp (Kenilworth, NJ) in the amount of $500 
each. This seed fund of $4500 formed the capital necessary 
for initial organizational expenses. A nominating commit- 
tee was formed, eomposed of Stan Levenson, MD, Bruce 
MacMillan, MD, and Dr Rhoads. 


Birth 


The formal organizational meeting was held on May 17, 
1980, in Chicago, where about 30 people attended, and the 
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Fig 3.—Educaional background of Surgical Infection Society mem- 
bership. 


constitution and bylaws were presented, further discussed, 
revised, anc unanimously approved. The previously se- 
lected nominating committee proposed the initial slate of 
officers: president, Dr Altemeier; president-elect, Dr San- 
dusky; secretary, me; treasurer, W. S. Blakemore, MD; 
recorder, Dr Pruitt; councillors-at-large, M. Finland, MD, 
and Drs Laufman and Walter. Dr Finland subsequently 
declined to accept the appointment and Dr Burke was 
nominated as a councillor-at-large. An initial group of 
scientists identified by those present were felt to be can- 
didates for charter membership in the organization. These 
were contacted, and all who expressed an interest were 
notified of their election as charter members. Subsequent 
to that meeting, a legal firm (Taft, Stettinius and Hollister) 
was engaged by Dr Altemeier to review the constitution 
and bylaws. apply for incorporation of the society as a 
nonprofit organization in the State of Delaware, and apply 
for tax-free exemption with the Internal Revenue Service. 


Early Childhood 


The first annual meeting of the Surgical Infection Society 
was held in Chicago on April 25, 1981. Under the guidance of 
Dr Pruitt, who was then chairman of the program commit- 
tee, a slate of 20 excellent papers was presented to approx- 
imately 99 registered members and guests. The quality and 
intensity of the scientific presentations has improved pro- 
gressively since that time. Because of the excellent reputa- 
tion of the Archives of Surgery and because it had the 
widest circulation of any surgical journal and therefore 
could reack the widest audience, the Surgical Infection 
Society council wisely decided to submit the papers from 
the annual meetings for publication in the ARCHIVES. 
Arthur Bave, MD, chief editor of the ARCHIVES, was most 
helpful anë supported the society’s efforts to the fullest 
extent. Papers from the first meeting were published in 
1982, and tae ARCHIVES now devotes almost two monthly 
issues to the program. 

The merbership has also grown, doubling in size in the 
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ensuing four years (Fig 2). By the end of the 1985 meeting, 
265 members had joined, but eight members were lost 
because of death (four) or resignation (four). A new class of 
58 members joined at this meeting, now making our ranks 
number 315. Of the remaining 257 members before this 
meeting, 234 were physicians, 11 held PhD degrees, seven 
had combined MD and PhD degrees, four had ScD degrees, 
and one had a DDS degree (Fig 3). Of the 234 with MD 
degrees, 194 (82.9%) listed specialties as general surgeons 
(Fig 4). Only 19 (7%) of the members now classify them- 
selves as surgical subspecialists (urology, plastic surgery, 
orthopedic surgery, thoracic surgery, or obstetrics and 
gynecology). Of interest is that 25 (8%) of our members, 
representing 11 countries, are from outside the United 
States and Canada. 

The Altemeier Lectureship was established in 1982, 
through the generosity of a grant from Merck Sharp & 
Dohme (West Point, Pa), to invite a lecturer of the presi- 
dent’s choice to present a talk on a basic science topic of 
interest to surgical infection specialties. 

An important event in the early years of the society was 
the development of the fellowship programs. The council of 
the society recognized from the beginning that develop- 
ment of young scientists with special interest in surgical 
infections would be one of its most important functions. 
How best to accomplish this in the face of decreasing federal 
funding was a topic of many hours of discussion. The 
development of a society-sponsored fellowship seemed to be 
an appealing solution but one of limited possibilities, since 
the young society had no financial resources. An offer was 
made from a corporation in the amount of $10 000 te support 
a fellowship, but many members of the council felt that this 
was insufficient to allow a fellow to work in a meaningful 
way on a research project, since it was likely that clinical 
duties would be superimposed on the fellow simply to earn 
his salary. Although this particular corporation decided not 
to increase its offer, the decision not to accept amounts 
insufficient to support a meaningful fellowship program 
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turned out to be a good one. It was established that the 
desired stipend should be set at $30 000 for salary support 
for the fellow with an additional $5000 for supplies and 
travel. Largely through personal efforts, 3M Corp (St Paul) 
established the first corporate Surgical Infection Society 
Fellowship in 1984, followed shortly by the Johnson & 
Johnson family of companies (New Brunswick, NJ). The 
generosity of these two corporations and of Stuart Pharma- 
ceuticals (Wilmington, Del), who will be initiating a fel- 
lowship program in 1987, is exemplary and will undoubtedly 
do more to aid in the control of infections than almost any 
other functien of the society. Indeed. the research findings 
of the initial two fellows are already of clinical importance 
and impact. 

Corporate sponsorships were developed in 1984 to pro- 
vide funds for educational programs of the society. Funds 
derived from these will be invested and only the interest 
will be used, ensuring that stable and, it is hoped, increas- 
ing amounts will be available. In 1985, nine corporate 
sponsers contributed $2000 to the educational fund: Cutter 
Biological (Emeryville, Calif), Glaxe, Inc (Research Tri- 
angle Park, NC), Johnson & Johnson Products Inc, Lederle 
Laboratories (Pearl River, NY), Miles Laboratories (West 
Haven, Conn), Roerig (New York), Stuart Pharmaceuticals, 
3M Health Care Products and Services Group, and The 
Upjohn Co (Kalamazoo, Mich). In 1986, there were 11 
corporate sponsors contributing $2000: Cutter Biological/ 
Miles Laboratories, Deseret Medical Inc (Sandy, Utah), Eli 
Lilly and Co, Ethicon Inc (Somerville, NJ ), Glaxo Ine, 
Johnson & Johnson Products Inc, Lederle Laboratories, 
Roche Laboratories (Nutley, NJ), Stuart Pharmaceuticals, 
3M Corp, and The Upjohn Co. In addition, contributions to 
the fund of less than $2000 were received in 1985 from 
Beecham Laboratories (Bristol, Tenn), Norwich Eaton 
Pharmaceuticals Ine (Norwich, NY), and Pfizer Inc (New 
York), and in 1986 from Ortho Pharmaceutical Corp 
(Raritan, NJ). The generosity of providing funds for educa- 
tional purposes of the society is to be applauded. Perhaps 
equally important, however, is the pctential by-product of 
corporate sponsorship, since two scientists from each cor- 
poration are invited to attend the meeting of the society 
with the hope that there will be intense interaction between 
them and members of our group. We hope this will result in 
meaningful contact with potential clinical investigators and 
new ideas for commercial exploration of products and 
devices that might impact on the incidence and severity of 
surgical infections and more effective utilization of human 
intelleet and resources. 


PROBLEMS AND PROGRESS 


It is evident that our young society has undergone a 
period of rapid development. In his eloquent presidential 
address last year, entitled “Host-Opportunist Interactions 
in Surgical Infection,” Dr Pruitt emphasized many prob- 
lems facing the society including medicine-government 
interaetions and physician excess, fragmentation of spe- 
cialties, altered funding for medical care and research, 
surgeon-nonsurgeon interactions, animal research—an- 
tivivisection interactions, and the influence of professional 
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societies on interactions. Several additional problems face 
the society that relate somewhat to its maturational proc- 
ess. A major problem is that almost all of the members have 
other major interests and virtually no one in the society 
makes his or her living solely from the care of patients with 
surgical infection. This impacts greatly on the efforts of the 
society, since much of the energies of the membership are 
directed to the economic necessities of making a living. The 
second maturational problem I see of major importance is 
that of new leadership. It was undoubtedly not by random 
chance that all four of the members of the Editorial Subcom- 
mittee for the Committee on Control of Surgical Infections 
of the Committee on Preoperative and Postoperative Care 
of the American College of Surgeons are now past presi- 
dents of this society. Five of the six presidents were among 
the ten founding members. Passing of the reins from the old 
guard to the new is in the process of evolution. Although 
this process carries with it some inherent risk, because of a 
difference in the approach to solution of our problems and 
perhaps even the ideals, I am confident that new leadership 
will infuse new energy and enthusiasm for the common 
benefit not only of our society but of mankind. Finally, the 
increasing complexity of surgical care and high-tech re- 
search makes it difficult if not impossible for clinical special- 
ists to keep abreast and apply all of the burgeoning ad- 
vances in basic science and technology. 


PURPOSES OF THE SOCIETY 


The purposes of the Surgical Infection Society are es- 
poused in the first three sections of Article 2 of the 
constitution and bylaws, as follows: 


Section 1. The Society shall promote and encourage education and 
research in the nature, prevention, diagnosis and treatment of 
surgical infections. 


Section 2. The Society shall collaborate with existing public and 
private organizations to promote and encourage education and 
research in surgical infections and will participate and assist in the 
coordination of efforts or formulation of programs by all physi- 
cians, agencies and health personnel which will provide maximal 
efficiency and optimal benefit to patients with surgical infections. 


Section 3. The Society will receive, use, hold and apply funds, 
gifts, bequests and endowments and the receipts thereof to any of 
the purposes described herein. 


The purposes of the society have not changed. Indeed, 
they should not and cannot. From my perspective, however, 
the society is now at a critical point in its development. 
Additional challenges related to the society’s growth and 
maturation and the problems of interactions and evolution 
as described above as well as persistent challenges now face 
us. While there are many, I have selected five that I think 
are of the greatest importance. 


CHALLENGES 
Challenge 1: Ensure the Lowest 
Possible Wound Infection Rate by 
Application of Current Knowledge 


It is well established that the development of a wound 
infeetion approximately doubles the cost of hospitalization 
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for any given operation.‘ It has been estimated that the 1 
million or so wound infections that occur in the United 
States kave a total economic impact of $5 to $10 billion.”° 
Recent surveys by the Centers for Disease Control, At- 
lanta (che National Nosocomial Infection Surveillance 
Study), have suggested that the current wound infection 
rate in the United States is approximately 2.8% of all 
discharges.’ Furthermore, of patients acquiring a 
nosocomial infection, 1% died of the infection, and infection 
contributed to the death of another 3.6%.° If the wound 
infection rate could be reduced by 50%, it would have a 
tremendous impact not only on patient safety but also on 
health care costs. Educational programs to provide periodic 
reinforeement ef techniques to reduce wound infection rates 
will continue to be an important tool. However, it has its 
limitations. Asinfection rates are reduced, the change may 
be imperceptible for the individual practicing surgeon. An 
even worse problem is that a relatively low-level wound 
infectien becomes perceived as a nonproblem, with an 
insidious relaxation of the standards and techniquesneeded 
to continue a low wound infection rate. Thus comes a 
Catch-22 situation where diligent adherence to the surgical 
conscience in the operating room is relaxed and renewed 
interest is stimulated primarily by serious outbreaks of 
problem infections. 

While our-continued educational efforts will not provide a 
definitive selution to minimal wound infection rates, our 
society does have at hand the mechanism for nationwide 
reduction ofinfections to less than 1.5% in clean wounds and 
to less shan 2.5% for all wounds.’ Cruse and Foord,* Olson et 
al,” Condon et al,” and Mead et al” have all provided clear 
evidenee in separate studies that a well-designed surveil- 
lance notification program can result in a reduction in 
wound infection rates to these acceptable levels. The con- 
cept is not new, since Brewer, by initiating an effective 
wound infection surveillance program in 1895, was able to 
effect a reduction in clean wound infections from 39% to 
1.2%.” Despite this continuing and clear evidence for effec- 
tiveness of such cost-effective programs, few hospitals have 
adopted them. In my opinion, such programs can be effec- 
tive only when mandated through the Joint Commission for 
the Aecreditation of Hospitals (JCAH). The current stan- 
dards for infection control measures in the hospital are 
ineffective with regard to surveillance of wound infections 
and need major revision. This consideration comes at an 
opportune time, since the JCAH is currently considering 
revising their regulations for infection control. I sincerely 
believe that ifthese regulations are correctly written, the 
incideace of wound infection in the United States can be 
reduced by at least 50% without much of an increase in 
effort. Of additional importance, this would be one of the 
most cost-effective measures that could be introduced by 
hospitals under diagnosis related group regulations.’ The 
Surgical Infection Society can and should play a major role 
in the 2ormulation of these regulations. To this end,I will be 
expanding the charge of the ad hoe Scientific Liaison 
Committee to work with the Centers for Disease Control 
and the JCAH in rewriting regulations for infection control 
as they apply to surgical patients. 
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Challenge 2: Expand the 
International Scope of the Society 


In some areas of the world, particularly in the under- 
developed countries, the clean-wound infection rate is as 
high as 10% to 15%. There are many reasons for this, 
including widespread malnutrition and economic con- 
straints. As an example, under total government control, a 
hospital may have available only a single antibiotic for the 
treatment and prevention of infections, and that often in 
short supply. In contrast, research in many countries is at 
the cutting edge of surgical investigation, and scientists 
from these areas are able to make major contributions to 
the scientific content of our meetings. The need for interna- 
tional outreach of our society is becoming increasingly 
obvious, but there are many problems including a lack of 
funding, apathy, international tensions, differences in pa- 
tient populations, and language barriers, to mention only a 
few. Despite these problems, I feel that the Surgical 
Infection Society should develop a broadened international 
membership and that periodic and frequent meetings 
should be held outside the United States with the spon- 
sorship, guidance, and support of this society. Sessions on 
surgical infections at the time of the meeting of the Interna- 
tional Surgical Society have already been discussed by our 
council, and such a session will be initiated next year at the 
meeting of the International Surgical Society in Australia. 
To determine how best to achieve international outreach, I 
will be appointing one or more committees to provide 
recommendations to the council. 


Challenge 3: Ensure Self-Replication and Expansion 


While relatively small, with a membership of only 315, the 
society is growing, virtually tripling its membership be- 
tween 1981 and 1986. We need to maintain this momentum if 
we are going to have a major impact on control of surgical 
infection. One of the problems is a distinct lack of interest in 
surgical subspecialties where infection is no less of a 
problem. Personal communications by members of the 
society with enthusiasm for the society’s functions is per- 
haps the best way to recruit more members. 

One of the most important functions of the society is the 
fellowship programs. These fellowships, initiated by the 
financial support of 3M Corp and Johnson & Johnson in 1984 
and now joined by Stuart Pharmaceuticals, offer the oppor- 
tunity to solidify the interests of bright, young in- 
vestigators in the field of surgical infection. It is hoped, and 
I am sure will come to pass, that the majority of the fellows 
of the Surgical Infection Society will dedicate their profes- 
sional careers to the problem of surgical infection. It is 
already obvious that the scientific output of the four man- 
years of the fellows so far will influence the practice of most 
ofus. Additional sponsors for these fellowship programs are 
urgently needed, and I am asking each member of the 
society to assist in recruitment. 


Challenge 4: Increase Interaction 
and Bonds With Basic Scientists 


The problems related to surgical infection have become 
increasingly complex, and most of the simple solutions have 
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already been found. It is now obvious that no single 
individual is likely to make major strides in the control of 
infection without the aid of others. The clinical—basic sci- 
ence interfaee is the most productive milieu for productiv- 
ity. Persons working within this milieu need to develop 
corporate goals along with individual efforts. How this ean 
be accomplished is going to be different in different institu- 
tions, but it is obvious that the basic scientists working in 
surgical departments can have a tremendous influence on 
the quality and quantity of scientific output of those depart- 
ments. In particular, research centers of excellence for 
surgical infection need z0 be developed. Some centers are 
already obvious, such as the exemplary one of Richard 
Simmons, MD (University of Minnesota, Minneapolis). 
Such centers should have in-depth focus on one or more 
promising areas of research, and there should be free 
interaction between the centers as part of society efforts. 
The areas I currently feel are most important for the control 
of surgical infections are the use of immunomodulators, 
probes of cell function, understanding gastrointestinal 
physiology and its relationship to infection with particular 
emphasis on the gastrointestinal barrier function, and the 
effect of nutrition on host defense in sepsis. 


Challenge 5: Increase Industry-Academia Interactions 


The failure of the society's efforts to develop commercial 
exhibits turned out to be a blessing in disguise. At the 


suggestion of Elaine Barber, PhD, of 3M Corp, the council 
developed the concept of corporate sponsorship with two 
goals in mind: (1) to develop a fund for educational purposes 
and, more important, (2) to encourage scientists in indus- 
try to attend the meetings of the society. It was hoped that 
by bringing corporate scientists to the meeting, one-on-one 
interactions with academia could be initiated that might 
result in a better understanding of the community needs 
related to surgical infection and that would provide input by 
academia into industry as to how those needs can best be 
met. The response for corporate sponsorship has been 
excellent, and, as indicated before, in this second year of 
corporate sponsorship, 11 companies have contributed 
$2000 each for educational purposes. In return, it should be 
the responsibility of each of us to provide consultation and 
free interchange of ideas with these corporate scientists to 
the extent that they desire. 


SOLUTIONS 


The future impact of the society on limiting worldwide 
human suffering from infections will depend directly on how 
we collectively address these challenges, and, most impor- 
tant, on the dedication and commitment of its individual 
members to contribute time and talent. Despite the prob- 
lems already identified as well as those not discussed or yet 
to be uncovered, I am confident that our collective efforts 
will result in major worldwide impact on the most persist- 
ent problem that has ever molded human destiny. 
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Septic Atrial Thrombosis: A Potentially Lethal Complication of Broviac Catheters in 


Infants 


Wisam Haddad, MD; Jire Idowu, MD; Keith Geor 


Norman Pickham, MD 


geson, MD; Leonard Bailey, MD; Robin Doroshow, MD; 


Even though the use of Silastic catheters for long-term parenteral nutrition has decreased the incidence of 
eatheter-related thrombosis and infection, these serious complications still occur. We describe three infants 
with septic atrial thrombosis secondary to use of Broviae catheters. One of the infants had pulmonary 
embolism and Budd-Chiari syndrome. The use of echocardiography in the diagnosis of this potentially fatal 
complication and aggressive treatment—which included open heart removal of thrombi—are discussed. The 
three infants recovered fully from this complication (AJDC 1986; 140:778-780). 
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Physiology and Metabolism 


in Isolated Viral Septicemia 


Further Evidence of an Organism-Independent, 


Host-Dependent Response 


Clifford Sætt Deutschman, MD; Frank N. Konstantinides; 


Michael Tsai, PaD; Richard L. Simmons, MD; Frank B. Cerra, MD 


è The hypothesis has been advanced that the human sys- 
temic septic respense is a function of the host and not of the 
type of infecting organism. Metabolic and physiologie data 
from five immunosuppressed transplant recipients with iso- 
lated cytemegaloviral sepsis and viremia were prospectively 
evaluated. Serial cultures obtained from lung, sputum, urine, 
wound, biood, and invasive lines were positive for virus and 
negative ‘or bacterial or fungal pathogens. The results were 
compared with two data banks derived from either victims of 
multiple trauma without sepsis or surgical patients with early 
bacterial or fungal sepsis. Statistically significant differences 
between the patients and the nonseptic reference group were 
noted for cardiac index, total peripheral resistance, ar- 
teriovenaus oxygen content difference, oxygen consumption, 
and levels of ‘riglycerides, proline, phenylalanine, tyrosine, 


, a-aminobutyrete, and alanine. No such differences were pres- 


ent for these cata compared with the septic reference group. 
Physiologic data obtained just before death in three patients 
indicated a failure of oxygen transport. It appears that the 
systemic-septic response to viral agents is indistinguishable 
by physielogic and metabolic criteria from that resulting from 
bacterial or fungal agents. 

(Arch Surg 1387;122:21-25) 
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Wes et al! hypothesized that the systemic response to 
sepsis is independent of the type of invading organ- 
ism. Although the precise factors that combine to produce 
the septic response have not been elucidated, the similarity 
of host metabolic and physiologic profiles in gram-positive, 
gram-negative, anaerobic, and fungal sepsis tends to sup- 
port the contention that systemic sepsis produces a uniform 
series of responses that are primarily a function of the host. 
Demonstration of this same sort of response in patients 
suffering from isolated viral sepsis would further 
strengthen the hypothesis. Therefore, a prospective evalu- 
ation was carried out to identify and study patients with 
isolated viral sepsis. 


PATIENTS AND METHODS 


Five episodes of isolated cytomegaloviral (CMV) sepsis were 
identified from 240 patients with septicemia admitted to the 
surgical intensive care unit (SICU) at the University of Minnesota 
Hospitals, Minneapolis, over a four-year period from 1981 to 1985. 
All five patients were immunosuppressed after renal, pancreatic, 
or hepatic transplantation and were receiving a combination of 
corticosteroids and cyclosporine. Demographic data are given in 
Table 1. . 

All five patients presented with evidence of rapidly progressive 
infection. Demonstration of infiltrates on chest roentgenograms 
and progressive development of respiratory insufficiency and 
clinical sepsis necessitated admission to the SICU. Serial cultures 
of blood, urine, sputum, wounds, pharynx, and indwelling 
catheters for aerobic and anaerobic bacteria, yeast, and viruses 
were obtained prior to institution of antimicrobial therapy anc then 
every one to three days until death or discharge from the SICU. 


Viral antibody titers were also determined. Spinal taps were 
performed tg patients. 
t i 
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Underlying 
Disease 


Renal transplant 
Diabetes; 

pancreas transplant 
Liver transplant 
Diabetes; 

renal transplant 
Diabetes; 

renal transplant 


Presentation 
Pneumonia 
Pneumonia 


3/29/F 
4/31/F 


Pneumonia 
Pneumonia 


Pneumonia 


Complications 


Coagulopathy, MOSF Yes 
GI tract bleeding No 


GI tract bleeding 
Coagulopathy, MOSF 


GI tract bleeding, MOSF Yes 


Autopsy 
Died Findings 
Not done 


Not done 


Not done 
CMV pneumonia, hepatitis, nephritis 


CMV pneumonia, hepatitis, nephritis 


*NOSF indicates multiple organ system failure; GI, gastrointestinal; and CMV, cytomegalovirus. 


Arterio- 
venous 
Oxygen 
Content 
Difference, 
vol % 


Total 
Peripheral 
Cardiac Resistance, 
Index. Dynes — 
L/min/m? cm/m? 


Oxygen 
Consump- 
tion 
index, 
mL/min/m? 


6.0 2.0 180 
6.9 3.0 187 
7.0 3.0 168 
7.8 2.0 150 
7.3 2.0 146 
Mean+SEM 7.0=0.29 540+20 2.40+0.25 164+8.2 
Nonseptic 
controls 
Septic 
controls 


3.7=0.3 3.6+0.2 132+6 


1200+ 115 


5.7=0.4  750+80 2.5+0.2 157+10 


Appropriate ventilatory support, including volume ventilation, 
intermittent mandatory ventilation, and positive end-expiratory 
pressure, was instituted. Swan-Ganz catheters were placed to 
optimize oxygen transport with volume expansion. If needed, 
afterload reduction and/or inotropic support were used until an 
increase in cardiac output did not produee a significant increase in 
oxygen consumption (Vo,). No patients had preexisting cardiac 
disease. 

All patients received acyclovir. Immunosuppressant medica- 
tions were discontinued, except for steroids, the doses of which 
were reduced to the lowest possible level. All patients received 
broad-spectrum antibiotics within hours of the initial cultures. 

A standardized nutritional support regimen of glucose, fat, and 
amino acids was instituted to provide appropriate support by 
stress-stratification criteria. This consisted of total energy intake 
equivalent to 1.5 to 2.0 times the basal energy expenditure, 
composed of 1.5 to 2.0 g of protein per kilogram per day and 30 to 35 
nonprotein kilocalories per kilogram per day (130 to 150 kJ/kg/d), 
for a kilocalorie-to-nitrogen ratio of 100:1. Of the nonprotein intake, 
35% to 40% was administered as fat. 

Initial studies were performed after resuscitation and optimiza- 
tion of Vo,. These measurements consisted of physiologic mea- 
sures (Table 2) and metabolic data, including serum plasma free 
amino acid levels (Table 3). Additional physiologic studies were 
performed daily throughout the clinical course. 

Data obtained were compared with two preexisting data banks. 
The first had been derived from 80 victims of multiple trauma who 
constituted stressed nonseptic controls. The second was developed 
from 121 general surgical patients with gram-positive, gram- 
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negative, anaerobic, or fungal sepsis. Comparisons were made 
using pooled data, and statistical significance was determined 
using Student’s t test for independent samples. P values of less 
than .05 indicated significance. 


RESULTS 


Outcome was favorable in two patients; the other three 
died. Results of blood cultures for CMV were positive 
within 24 hours of the onset of critical illness in all cases. 
Antibody titers rose appropriately over time. Positive CMV 
urine cultures were obtained in four cases; pharyngeal 
cultures were positive in two cases; line, sputum, and 
wound cultures were negative throughout the clinical 
courses. All bacterial and fungal cultures obtained in the 
early phase of the illness were also negative. Late in the 
clinical course, one patient developed staphylococcal bac- 
teremia and another candidosis. These were thought to be 
opportunistic infections in terminal multiple organ system 
failure. All patients who died continued to have viral sepsis; 
the cause of death was multiple organ system failure. This 
syndrome was defined by the presence of several or all of the 
following: (1) encephalopathy, (2) pulmonary failure requir- 
ing ventilators with a picture consistent with adult respira- 
tory distress syndrome, (3) bilirubin level greater than 
40 mg/dL (>684 pmol/L) and rising, (4) creatinine level 
greater than 20 mg/dL (>1770 pmol/L) and rising, (5) 
plasma lactate levels greater than 1.5 pmol/L and rising, 
(6) plasma phenylalanine levels greater than 1.3 mg/dL 
(>80 pmol/L) and rising, and (7) triglyceride intolerance.” 

Initial physiologic data are noted in Table 2. A hyper- 
dynamic cardiovascular state involving high cardiac index 
(CI) and Vo., low total peripheral resistance (TPR), and a 
narrow arteriovenous oxygen content difference (AVo,D) 
was noted. Initial metabolic data are shown in Table 3. 
These data are also compared with the two control groups in 
Tables 2 and 3. Circlegrams aid in comparing the relevant 
data with the nonseptic (Fig 1) and septic (Fig 2) control 
groups. Significant differences between study data and 
stressed nonseptic controls exist for CI, TPR, AVo,D, Vo., 
and levels of triglycerides, phenylalanine, proline, a-amino- 
butyrate, alanine, and tyrosine. Relative to septic patients, 
however, no difference could be detected. 

Cardiodynamies were optimized initially in all cases. The 
hyperdynamic state persisted in all cases. Late in the 
course of the organ failure, three patients demonstrated a 
progressive downward course characterized by a falling CI 
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Triglycerides, 
mg/dL (mmol/L) 


468 (5.28) 
440 (4.97) 
472 (5.33) 
308 (3.48) 
668 (7.54) 
471+58 
(5.32 +0.65) 
88 +16 
(0.99 +0.18) 


275+6 
(3.10 +0.07) 


Mean + SEM 


213+ 17 


Septic contrals 





Fig 1.—Circlegram comparing viral sepsis with nonseptic control 
group. Derk inner circle represents the mean values from group of 
nonseptic victims of multiple trauma within 24 hours of injury. Each 
dashed circle represents 4 SDs from control group mean. Pletted in 
dark line ss mean value from five patients with isolated viral sepsis. 
Response is markedly different. Cl indicates cardiac index; TPR, 
total periphera resistance; AVo,D, arteriovenous oxygen content 
difference; Vo. oxygen consumption; TRIG, triglycerides; ABU, 
a-aminobutyraw; and PHE, phenylalanine. 


refractory to herapy and associated with a fall in Vo, in the 
presence of lew TPR and a narrow AVo,.D (Table 4). All 
three patients died. Similar failure of oxygen transport has 
been reportec in septic patients who die.’ 


COMMENT 


While earlyreports seemed to indicate a difference in the 
systemic-septic response to gram-negative and gram-posi- 
tive organisms,“ later work demonstrated that these find- 

ings were essentially dependent on the adequacy of effec- 
f tive blood volume or the presence of overt septic myocardial 
depressien.*"* In early or physiologically compensated 
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a-Aminobutyrate Proline Tyrosine 


Phenylalanine Alanine Isoleucine Leucine Valine 


480 
307 
157 
190 
328 
292+ 27 


142+13 131+15 


247 +28 


311+18 


Alanine’ 


` 





Fig 2.—Circlegram comparing viral sepsis with septic general 
surgical control group. Dark inner circle represents mean values 
from group of septic general surgical patients following initial 
resuscitation. Each dashed circle represents 4 SDs from control 
group mean. Plotted in dark line is mean value from five patients 
with isolated viral sepsis. Response is not different from that of 
septic control group. See Fig 1 for expansions of abbreviations. 


sepsis, the response would appear to be one of a hyper- 
dynamic state. This is characterized by abnormal vaseular 
tone and an elevation in heart rate, ejection fraction, 
contractility, and CI.* As the process continues unchecked, 
a progressive fall in CI and Vo, is noted.“ This latter 
process seems to reflect the altered metabolism that even- 
tually affects cardiac muscle.” 

Previous studies of 14 episodes of gram-positive sepsis, 36 
episodes of gram-negative sepsis, six episodes of Candida 
sepsis, and five episodes of anaerobic sepsis, as well as nine 
mixed infections, have demonstrated a uniformity of the 
initial response in the presence of adequate volume re- 
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Mean+SEM 3.8+0.3 625+100 2 76+6.1 


*CI indicates cardiac index; TPR, total peripheral resistance: AVo,D, 
arteriovenous oxygen content difference; and Yo,, oxygen consumption. 





suscitation.' Data for viral sepsis have been lacking. The 
physiologic findings uncovered in this study indicate that 
the physiolegic response to viremia is indistinguishable 
from that for bacteremia and fungemia. The metabolic 
response to sepsis, at least as reflected in the plasma 
metabolic profiles, also seems to be independent of the type 
of infecting organism. Metabolic changes are believed to 
precede the alterations in physiology induced by sepsis.” 
This is based on evidence that the initiating event of the 






septic response is the result of a primary metabolic ef- 
fector.“” Proline levels have been found to correlate well 
with the presence of bacterial sepsis—induced hepatic de- 
compensation.” Levels of proline in isolated viral sepsis are 
essentially equivalent to those noted in sepsis due to other 
organisms. 

A fa:lure of oxygen transport, reflected in a fall in CI and 
Vo, has been noted in septic patients who die.*" The 
three fatalities in this study demonstrated such a pattern. 
Further, the clinical course in those patients who died was 
one of progressive multiple organ system failure syn- 
drome.” The phenomenon of CMV producing death with 
organ failure has been previously recognized.” 

Further credibility is thus extended to the hypothesis 
that systemic sepsis represents a series of responses by the 
host to any type of invading organism. While the exact 
initiating event remains unknown, strong consideration 
must be given to the hypothesis that the invading organism 
activates a series of endogenous host products that in turn 
mediate the septic response. 
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Discussion 


GEORGE H. A. Clowes, Jz, MD, Boston: I think that we have all 
known intuitively that what the authorsthave shown us is true, for 
reasons I will show you in a minute. 

First, were the patients receiving high doses of steroids at the 
time these observations were made, or had the dose been reduced 
because they were infected? The other thing is that cyclosporine 
administration essentially produces a synthetic acquired immu- 
nodeficiency syndrome (AIDS). Bearing these things in mind, we 
can then look at what we have got. The important thing is that the 
authors have not speculated on the meehanism that produces the 
change of peripheral resistance in ordinary bacterial infection or 
fungal infection compared with what we have seen today with 
viruses. 

I would like to submit that probably the same mechanisms are at 
work. There is a change in metabolism of muscle and other tissue 
induced by some circulating or other factor that causes the 
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produetion of lactate, and so on. Vasodilation occurs, and the 
cardiovascular system responds even as it would to normal exer- 
cise, provided that there is no hypovolemia or myocardial depres- 
sion. 

Lactate is produced, and we see that amino acids are released. 
Failure to clear them has something to do with the central tissues. 
Therefore, I think that what the authors are looking at is probably 
the same mechanism that we see in ordinary bacterial infection, in 
terms of establishing this change in the periphery—perhaps 
hormones and certainly things such as interleukin-1 and pro- 
teolysis-inducing factor (PIF). These are produced by macro- 
phages. 

Some time ago, Dr Alexander and my former colleague, Dr 
Heideman, demonstrated that tissue injury and bacteria and 
bacterial toxins turn on the complement system. In turn, C5a \ 
activates the macrophage that makes the interleukin-1. I think that 
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the same thing s going on here, because viruses are removed from 
the body fundamentally by the tissue immunity simply destroying 
cells, whieh arethen picked up by the macrophage system. This is 
what happens in hepatitis. 

Why do I thirk this is true? We have studied numerous acute and 
chronic hepatits cases in connection with our transplant program 
and find that these patients do have an elevated PIF and that they 
do have a large production of amino acids from the periphery, which 
is three tafive tmes that of normal. In fact, they are behaving very 
much like ordirary persons with sepsis, and their PIF is elevated. 

Recently, we saw a patient with AIDS and with an acute 
abdomen. We qerated on this patient and removed a perforated 
segment of small bowel, which is typical. He had a marvelous 
recovery. His PIF was 70% above control, and his clearance of 
amino acids ws beautiful. In other words, he behaved normally. 
However, three months later, he died of a fungal infection, which 
was uncontroll ble. 

What I am saying is that the macrophage is capable of operating 
in the viral stat= provided that it is not entirely knocked out by high 
doses of steroills. I think that is what we are looking at. In my 
opinion, this is valuable for us to think about, because viruses are 
always with us and I think the problem does not lie at the level of 
the macrephag= but at the level of the natural killer cell system, 
which is somewha: separate. 

NıcoLas W. Curistou, MD, Montreal: You had 80 victims of 
trauma. Ipreseme that they were severely traumatized. From the 
most traumatised patients, were you able to get a subgroup with 
results that mimieked or matched the results of the septic group, 
either viral or bacterial, or fungal sepsis? In other words, can 
severe nonsepfic trauma mimic the septic state, either virally or 
bacterially indaced? 

James Hass=rt, MD, Buffalo, NY: I would like to ask a question 
about theconcept of taking what I assume are patients with chronic 
renal failure being treated with renal transplantation and applying 
them to septic zontrols. Did you study the patients with nonseptic 
renal failure ina similar manner? Some of the same changesseen in 
patients with sepsis should be seen in the patient with nonseptic 
renal failure after transplantation. 

WILLIAM S. BraKEMORE, MD, Birmingham, Ala: I think that 
this study is = significant step in developing the knowledge to 
understand these mechanisms. What is more pressing is to further 
identify the substances controlling the processes. Have you any 
idea from yourndata as to what you might do to alter the mediators 
of those reactiensuunder different pathologic states in humans? Dr 


Clowes gave us some important concepts about this, but we lack 
the depth of understanding the processes in order to use these 
agents therapeutically. 

RicHagp K. SPENCE, MD, Camden, NJ: The kinds of changes 
you have shown are similar to some of the changes we have seen in 
patients in our population who have been acutely anemic secondary 
to blood loss but who refused blood transfusions for religious 
reasons. Could you tell us a little about hemoglobin levels in these 
patients, and also the time at which you studied them? Were these 
victims of multiple trauma acutely anemic? Were they resusci- 
tated? How much blood did they receive, and when did you compare 
them with your patients with sepsis? Was it within a day or two ora 
week afterward? 

Dr DEUTSCHMAN:; In answer to the questions raised regarding 
treatment protocol, a regimen of acyclovir was started and cy- 
closporine was discontinued in all patients. Steroid levels were 
reduced to the lowest possible levels. 

We have a protocol for treating the acutely ill patient in terms of 
volume resuscitation. These patients have Swan-Ganz catheters 
placed and are then volume challenged with colloid until further 
challenge does not yield an increased CI. If oxygen consumption is 
still depressed at that time, patients are treated with either 
inotropic support or vasodilator therapy or both as necessary. 
Hemoglobin levels are maintained between 12 and 18 g/dL (120 to 
130 g/L). 

To answer Dr Hassett’s question, no, we have not looked at the 
changes in the patients with acute renal failure or chronic renal 
failure. However, it is important to remember that only three of 
these patients received renal transplants. One patient's status was 
postpancreatic transplant, and the other patient had received 
hepatic transplant. The three patients who received rena! trans- 
plants were well past the acute transplant stage and had good renal 
function, with sepsis developing well into their course. I am not 
sure it is safe to say they were still in a stage of chronic renal failure, 
but again, I do not have the data. 

I think that Dr Clowes, to some extent, answered Dr Blake- 
more’s question. I do not think that we know precisely what the 
mediators of the septic response are. We can speculate, and I think 
a number of possibilities have been raised, including PIF, as Dr 
Clowes mentioned. Also implicated are local tissue products, 
prostanoids, complement, white blood cell mediators, local and 
systemic hormones, catecholamines, direct neuronal input, and a 
host of others. At this time, it is impossible to pin down the exact 
nature of the septic response. 


in Other AMA Journals 
ARCHIVES OF PATHOLOGY & LABORATORY MEDICINE 


Retroperitoneal Fibrosis Revisited 
M. J. Mitchinson, MA, MD, FRCPath 


Available histopathologic evidence suggests that most cases of the disease called idiopathic retroperitoneal 


‘ibrosis are essentially identical to those referred to as idiopathic mediastinal fibrosis, perianeurysmal 
~etroperitoneal fibrosis, and inflammatory aneurysm of the aorta. The name “chronic periaortitis” includes all 
ef these variants and “chronic periarteriti®’ refers to the uncommon associated involvement of coronary 
.rteries. It has been proposed that the cause of the disease is a local autoallergic reaction to components of 
.therosclerotic plaques. Some recent evidenee supports that view, but as yet there is no definite proof. Surgical 
areterolysis is the treatment of choice in typical uncomplicated cases, but an important characteristic of the 
lisease is its sensitivity to corticosteroids (Arch Pathol Lab Med 1986;110:784-786). 
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Complement-Mediated N eutrophil 
Activation in Sepsis- and Trauma-Related 
Adult Respiratory Distress Syndrome 


Clarification With Radioaerosol Lung Scans 


Steven D. Tennenberg, MD: Martin P. Jacobs, MD; Joseph S. Solomkin, MD 


e Complement-mediated neutrophil activation (CMNA) has 
been proposed as an important pathogenic mechanism caus- 
ing acute microvascular lung injury in the adult respiratory 
distress syndrome (ARDS). To clarify'the relationship between 
CMNA and evolving lung injury, we studied 26 patients with 
multiple trauma and sepsis within 24 hours of risk establish- 
ment for ARDS. Pulmonary alveolar-capillary permeability 
(PACP) was quantified as the clearance rate of a particulate 
radioaerosol. Seventeen patients (65%) had increased PACP 
(six developed ARDS) while nine (35%) had normal PACP (none 
developed ARDS; clearance rates of 3.4%/min and 1.5%/min, 
respectively). These patients, regardless of evidence of early 
lung injury, had elevated plasma C3adesArg levels and 
neutrophil chemotactic desensitization to C5a/C5adesArg. 
Plasma C3adesArg levels correlated weakly, but significantly, 
with PACP. Thus, CMNA may be a necessary, but not a suffi- 
cient, pathogenic mechanism in the evolution of ARDS. 

(Arch Surg 1987 ;122:26-32) 


a, etiologie role of complement-mediated neutrophil 
activation (CMNA) in the pathogenesis of the adult 
respiratory distress syndrome (ARDS) has received consid- 
erable support from both in vitre and in vivo investiga- 
tions.” The consequences of CMNA, including increased 
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neutrophil (PMN) adherence, lysosomal degranulation, and 
enhanced superoxide radical production, are thought to 
contribute to the acute lung injury of ARDS.** However, in 
vivo correlation of CMNA with the pathophysiologic hall- 
mark of ARDS, acute microvascular lung injury and conse- 
quent increased pulmonary alveolar-capillary permeability 
(PACP), has been lacking. 

The goal of the present study was twofold: first, to 
document evidence of CMNA in patients at risk for the 
deve opment of ARDS, and second, to provide a simul- 
taneous, in vivo, correlative assessment of PACP. 


PATIENTS AND METHODS 
Patient Selection 


Patients admitted to the Surgical Intensive Care and Burn 
Special Care Units of the University of Cincinnati Medical Center 
were eligible for this study. After informed consent was obtained, 
those patients meeting defined risk criteria for the development of 
ARDS were entered into the study. The definition of ARDS risk 
was based on a modification of the clinical syndromes outlined by 
Pepe et al’; these included sepsis syndrome and multiple trauma. 
SepsB syndrome was defined as evidence of a serious bacterial 
infection (defined by two or more of the following: temperature, 
239°C; white blood cell count, >12 000/mm' [>12 x 10°/L]; differen- 
tial count containing >20% [>0.20] band cells; positive blood 
culture; known or suspected infectious source; and pus in a closed 
space) with an associated deleterious systemic response (hypoten- 
sion er need for pressor support, systemic vascular resistance of 
<800 dynes/s/em~°, or unexplained metabolic acidosis with a basa, 
deficit of >5 mEq/L). Multiple trauma was defined as (1) multiple 
major fractures (two or more major long-bone fractures involving 
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the femur tibia, or humerus; a major pelvic fracture consisting of 
two pelvic ring disruptions or a clinically unstable pelvis; or one 
major long-bone fracture plus a single pelvic fracture), (2) bìunt or 
penetrating abdominal trauma requiring an emergency laparot- 
omy plus significant injury to another system (cardiac, soft tissue, 
or vascular), (3) pulmonary contusion (localized infiltrate on chest 
roentgenegram within six hours of injury together with evidence of 
chest-wal! trauma). (4) thermal injury (covering =30% of total body 
surface area without inhalation injury), and (5) multiple emer- 
gency transfusions (=10 U of packed red blood cells over a -hour 
period seeondary to trauma or elective/emergency surgery). Pa- 
tients with severe closed head injury (Glasgow coma score, $7) or 
penetrating thoracic injury were excluded from the study. 


C3adesArg Determination 


Arterial blood was collected into specimen tubes containing 
edetic acid (Vacutainer) and placed on ice. Samples were imme- 
diately centrifuged at 1200 g for 15 minutes at 4°C, and the plasma 
was stored in polypropylene tubes at — 80°C until assayed. The 
C3adesArg was quantified using radioimmunoassay kits as previ- 
ously described.’ 


PMN Chemotaxis 


Neutrophils were harvested from arterial blood as previously 
described! Briefly, this involved dextran sedimentation, Ficoll/ 
sodium diatrizoate density gradient centrifugation, and hypotonic 
red blood cell lysis, yielding a more than 95% pure PMN fraction 
with more than 98% cell viability. 

We assayed PMN chemotaxis using a previously described 
subagarose technique.’ Results are expressed as centimeters of 
specific migration, defined as chemoattractant migration minus 
spontanesus migration. The chemoattractants utilized were 
agarose-activated serum (generates C5a/C5adesArg, the major in 
vivo chemoattractants) and 10°°M N-formyl-methionylteucyl- 
phenylalanine (a synthetic, bacteria-related, chemotactic peptide). 


Radioaerosol Lung Scanning 


Radiog2roso! lung scans were performed using several medifica- 
tions of a previously described technique.’ Technetium Te 99m 
diethylenetriamine penta-acetate (“"Tc-DTPA) was prepared 
fresh daily using a standard radiopharmaceutical kit. This process 
involves the binding of "Tc as sodium pertechnetate (afterelution 
from a molybdenum generator) to DTPA. The resulting prepara- 
tion, both before and after aerosolization, routinely contained 
greater than or equal to 98% *"Tc-DTPA and less than or equal to 
| 2% free technetium Tc 99m pertechnetate as assessed by thin-layer 
paper chromatography. A solution containing approximately 30 to 
40 mCi of °"Te-DTPA in 2.5 mL of normal saline was used for each 
scan prosedure. The radioaerosol was generated using an updraft, 
acorn nebulizer with an oxygen flow rate of 15 L/min. The radio- 
aerosol delivery system consisted of placing the nebulizer on line to 
the subject either directly via a mouthpiece for nonintubated 
patients er interposed between the ventilator and the endotracheal 
tube for ntubated patients receiving mechanical ventilatien. 

After aerosclization for three to six minutes, to achieve total 
chest activity of greater than 50 000 cpm, the radioaerosol was 
discontinued and lung washout data were collected in 30-s framed 
intervalsfor 15 minutes. Lung radioactivity was monitored with a 
portable zamma camera positioned over the anterior aspect of the 
chest. Tae camera was interfaced with a computer fer data 
acquisitien and analysis. On completion of the study, a region of 
peterent was drawn around each entire lung (excluding hilar and 

heart regions), and time-activity curves were generated. The slope 
of the best-fit line for the time-activity curve was calculated over 
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the initial seven minutes of washout using the equation Y = Ae™, 
where A represents initial radioactivity, Y is radioactivity at time 
t, and B is the slope. The correlation coefficient for the caleulated 
line was routinely greater than .95. The slope was then expressed 
as a clearance rate (percent decline per minute) after correction for 
isotope decay. Right and left lung clearance rates were averaged to 
determine the patient’s final rate. 

Characterization of the generated radioaerosol with a cascade 
impaction sizing sampler revealed a delivered particle size of 
0.5 um (mass median aerodynamic diameter) with a geometric 
standard deviation of 1.85. This particle size allows uniform 
distribution of the radioaerosol to terminal respiratory bronchioles 
and alveoli.” 


Research Protocol 


Within 24 hours of the establishment of ARDS risk, blood was 
drawn for the determination of plasma C3adesArg and neutrophil 
chemotaxis. Patients also underwent radioaerosol lung scanning 
within the same high-risk period. Patients were then observed for 
clinical evidence of ARDS, defined as (1) critical hypoxemia (ratio 
of arterial oxygen partial pressure to fraction of inspired oxygen, 
<150, and the need for mechanical ventilation with positive end- 
expiratory pressures [PEEP] >5 cm H,O and an intrapulmonary 
shunt >15%); (2) the appearance of new, diffuse, bilateral 
infiltrates on chest roentgenogram; (3) the absence of elevated 
left atrial pressures (pulmonary capillary wedge pressure, 
<18 mm Hg); and (4) the lack of another explanation, such as 
atelectasis, pneumonia, or pleural effusions. 


Statistical Analysis 


Results are expressed as means+SEMs. Comparison 
between means was achieved using an unpaired £ test. 
Regression analysis consisted of a least-squares method. 


RESULTS 


Twenty-six patients at risk for the development of ARDS 
were evaluated. Six patients nearly qualifying for study 
entrance (minor trauma, intra-abdominal sepsis without a 
systemic response, burn <30% of total body surface area) 
were evaluated as a group considered to be at low risk for 
the development of ARDS. Ten healthy volunteers served 
as the control group. Fifteen patients with established 
ARDS, studied within three days of diagnosis, constituted 
the ARDS group. 

The study population is characterized in Table 1. Three 
patients (33%) in the high-risk/normal scan group and ten 
patients (59%) in the high-risk/abnormal scan group were 
receiving positive-pressure ventilation at the time of their 
lung scanning (P=.16 by Fisher's exact test). The trend 
toward higher PEEP levels in the high-risk/abnormal scan 
group did not reach statistical significance when compared 
with the high-risk/normal scan group. 

Representative radioaerosol lung scan time-activity 
curves are shown in Fig 1. The “"Tc-DTPA radioaerosol 
lung clearance was normal in low-risk patients. Patients 
at clinical high risk for the development of ARDS fel. into 
two groups based on their radioaerosol clearance rates. 
Nine (35%) of the high-risk patients had clearance rates 
not statistically different from those of controls (1.52%/ 
min +0.15%/min and 1.16%/min + 0.14%/min, respectively). 
In contrast, 17 high-risk patients (65%) had increased 
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High-risk/normal scan 
High-risk/abnormal scan* 

Adult respiratory distress syndrome 


t.10>P>.05 vs high-risk/normal scan. 
¢P<.05 vs other patient groups. 


Fig 1.—Representative radioaerosol lung 
scan time (x axiS)—activity (y axis) curves. 
Left, Curves from control volunteer (right 
lung clearance, 1.8%/rrin; left lung clear- 
ance, 1.4%,min). Right, Curves from patient 
with adult respiratory distress syndrome 
(right lung clearance, 5.2%/min; left lung 
clearance, 6.1%/min). Lower time-activity 
curve in left lung from patient is technical 
consideration resulting from heart's interfer- 
ing position when gamma camera is posi- 
tioned over anterior aspact of chest. 


clearance rates, averaging 3.36%/min + 0.24%/min (P<.001 
vs high-risk/normal sean group). Patients with established 
ARDS had a nearly twofold increase in radioaerosol elear- 
ance compared with the high-risk/abnormal scan group 
(5.98%/min + 0.64%/min; P<.001 vs_high-risk/abnormal 
scan) (Fig 2). 

High-risk patients, regardless of lung scan group, 
had elevated plasma immunoreactive C3adesArg levels 
and PMN selective chemotactic desensitization to 
C5a/C5adesArg. Patients with established ARDS differed 
from high-risk patients in terms of further elevations 
in C3adesArg levels and a depressed chemotactic response 
to N-formy]-methiony]-leucyl-phenylalanine as well (Table 
2). 

There was a weak, but statistically significant, correla- 
tion between plasma C3adesArg levels and “"Tc-DTPA 
radioaerosol lung elearance in patients at high risk for the 
development of ARDS (r= .391, P<.05) (Fig 3). In addition, 
it is suggested that patients at risk for ARDS constitute a 
transition between control and low-risk patients at one 
extreme and ARDS patients at the other extreme (Fig 3). 

The clinical outeome of our study patients is shown in 
Table 3. The incidence of ARDS development in the high- 
risk/abnormal sean group attained a significance level of 
.054 compared with the high-risk/normal scan group. The 
time between lung scanning and the establishment of 
ARDS in the high-risk/abnormal sean group ranged from 
six to 18 hours (data not shown). 


COMMENT 


Adult respiratory distress syndrome continues to be a 
major source of morbidity and mortality in the course of 
patients experiencing sepsis and multiple trauma. Despite 
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Positive 
Risk Criteria End-Expiratory 
(No. of Patients) Pressure, cm H,O 


Trauma ©), sepsis (1) 
Multiple auma (7), sepsis syndrome (2) 
Multiple auma (12), sepsis syndrome (5) 


Multiple tauma (9), sepsis syndrome (4), 10.8+2.1¢ 
miscelaneous (aspiration, drug overdose) (2) 





*An abnormal lung scan was defined as one resulting in a clearance rate greater than 2 SDs above the control mean. 


R Lung 


L Lung 


sign ficant advances in intensive care and ventilatory sup- 
port, mortalities of 40% to 60% remain commonplace. It is 
hoped that a better understanding of this disease’s patho- 
physiology will lead to the development of specific treat- 
menz modalities.° 

Cemplement-mediated PMN activation has gained popu- 
larity as a pathogenic mechanism in ARDS based on several 
lines of investigation. In vitro exposure of normal PMNs to 
C5aChadesArg initiates a variety of activation responses 
that are potentially injurious to the lung.® These include 
increased adherence and degranulation, as well as en- 
hanced oxygen radical production to subsequent stimula- 
tion** These complement-mediated responses probably 
accoint for the development of acute microvascular lung 
injury in animal models for ARDS that utilize in vivo 
com >lement activation.** This is further supported by the 
observation that PMN depletion, C5a deficiency, or anti- f 
C5adesArg antibody treatment attenuate the development 
of ADS in animal models.” The histologic presence of an 
intease inflammatory infiltrate in the lungs of patients with 
ARDS provided initial clinical evidence that PMNs were 
impertant in the development of acute microvascular lung 
injury.” The clinical evidence of CMNA in human ARDS, 
altheugh possibly indirect, comes from studies on broncho- 
alveelar lavage, plasma, and harvested PMN samples." 

Tc evaluate patients for evidence of recent or ongoing 
CMWNA, we examined ex vivo PMN chemotactic responses 
and plasma levels of an activated complement component. 
Selective chemotactic desensitization toward agarose-acti- 
vate] serum (C5a/C5adesArg), probably secondary to in- 
travascular binding of C5a/CS5adesArg to high-affinity 
PMN receptors, is evidence of prior in vivo C5a/C5adesArg 
expcsure.” Elevated plasma C3adesArg levels provide con- 
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Radioaerosol Clearance Rate, %/min 





Control Low-Risk High-Risk/ High-Risk/ ARDS 
Normal Abnormal 
Scan Scan 


Fig 2.—7echnetium Tc 99m diethylenetriamine penta-acetate ra- 
dioaerosol clearance rates in patient groups studied. Patients at 
high risk for development of adult respiratory distress syndrome 
(ARDS) are divided into those with normal (35% of total) and 
abnormal (65% of total) lung scans. Asterisks indicate P<.001 vs 
other patient groups. 


1000 


800 


Plasma C3adesArg, ng/mL 


Radioaerosol Clearance Rate, %/min 


Fig 3.—Plasma C3adesArg levels and radioaerosol clearance 
rates in patients at high risk for development of adult respiratory 
distress syndrome (ARDS). Weak, but statistically significant, 
positivecorrelation existed (r= .391, P<.05). Boxed areas represent 
mean~=1 SD for patient population noted. 


firmatery, although less specific, evidence of this same 
phenomenon.’ These measures have been previously used 
by our laboratory and others to document evidence of 
CMNA in patients with sepsis and trauma experiencing 
ARDS’* | 

To clarify further the relationship between CMNA and 
ARDS. we sought to combine an evaluation of CMNA with 
its preposed end-organ dysfunction, namely, increased 
PACP. In addition, we postulated that the theorized patho- 
genic relationship between CMNA and increased PACP 
_ would be most properly evaluated at its earliest phase, 
during the subelinical stages of acute lung injury in patients 
at greatest risk for development of ARDS. 
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Table 2.—Complement-Mediated Neutrophil Activation 


C3adesArg, 
Group ng/mL AAS-CTX* FMLP-CTX* 
Contral 124+5 2.51+0.2 4.14+0.3 
Low-risk 354+106t 1.07+0.9t  4.00+0.4 
High-risk/normal scan 225+ 32t 1.00+0.4¢ 3.56+0.6 


High-risk/abnormal scan 320+54t 0.76+0.2t 3.68+0.2 


Adult respiratory 


distress syndrome 691 + 59F 1.01+0.2t 2.98+0.3T 


*Expressed as centimeters of specific migration (CTX, directed migration 
minus spontaneous migration) toward the chemoattractants agarose-acti- 
vated serum (AAS, C5a/C5adesArg) and N-formy|-methionyl-leucyl-phe- 
nylalanine (FMLP). 

+P<.02 vs control. 

+P<.001 vs other groups. 


Table 3.—Clinical Outcome of Study Patients 


No. (%) Developing Adult 
Group Respiratory Distress Syndrome’ Total 


Low-risk 0/6 (0) 


High-risk/normal scan 0/9 (0) 


High-risk/abnormal scan 6/17 (35)* 


*P = 054 vs high-risk/normal scan by Fisher's exact test. 









Among the several techniques available to assess micro- 
vascular lung injury, we chose to use “"T'c-DTPA ra- 
dioaerosol lung scanning. This technique has received ini- 
tial validation as an index of PACP.”” A hydrophilic, 
lipophobic, inert molecule (molecular weight, 492 daltons; 
molecular radius, 0.6 nm), *“Te-DTPA, is believed to 
diffuse passively across the alveolar-capillary membrane 
complex via passage through the same intercellular junc- 
tions that regulate solute flux. Since the intrinsically less 
permeable alveolar epithelium serves a rate-limiting role in 
regulating solute flux across this composite interface, clear- 
ance of the radioaerosol, from lung to blood, is regulated by 
alveolar epithelial permeability. This allows the technique 
greater sensitivity in detecting subtle permeability 
changes of the alveolar-capillary membrane complex in 
evolving lung injury.” 

Two important variables that have been associated with 
increased PACP, as measured by radioaerosol lung scan- 
ning, are smoking and ventilation with PE EP.™” Only four 
smokers were identified among our high-risk patients, and 
two of these patients had normal radioaeroso! clearance 
rates. Although PEEP has been shown to increase ra- 
dioaerosol clearance in healthy (nonsmoking) volunteers, 
probably secondary to an increased functional residual 
capacity and the subsequent widening of alveolar inter- 
cellular junctions, preliminary evidence from our labora- 
tory (S.D.T., unpublished data, 1986) and others indicates 
that this does not occur in injured lungs.” With regard to 
patients with evolving or existent ARDS, we believe that 
this can be attributed to the presence of abnormally 
widened alveolar intercellular junctions and the normaliz- 
ing effect of PEEP on lung volumes. 

The central findings of this study are twofold: (1) Patients 
with multiple trauma and sepsis believed to be at high risk 
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for the development of ARDS demonstrate evidence of prior 
or ongoing CMNA. This observation, combined with the 
positive, albeit weak, correlation between plasma 
C3adesArg levels arid PACP, supports the hypothesis that 
CMNA plays a pathogenic role in the development of 
ARDS. (2) There is a subgroup of patients at high risk for 
ARDS (high-risk/normal scan) who, in spite of evidenee for 
CMNA, demonstrate normal PACP. This seems to indicate 
that in a clinical setting, CMNA alone is incapable of 
initiating lung injury or precipitating ARDS. 

We hypothesize that CMNA is often associated with 
subclinical degrees of acute lung injury in patients with 
sepsis and trauma. In this role, CMNA may serve as an 
early, potentiating mechanism for other, as yet undefined, 
PMN triggering mediators. The interactions between 
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PMNs and other cellular elements (platelets, alveolar mac- 
rophages) are phenomena that may provide a basis for 
further PMN activation. Whether these additional interac- 
tions require prior CMNA for acute lung injury to develop 
or if further CMNA alone is sufficient (as seen in the ARDS 
greup) remains to be seen. 
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Discussion 


Lewis M. Fuiint, MD, Buffalo, NY: My comments will be 
focused on the technique of detecting alveolar capillary perme- 
ability. I must say that I take issue with the second of the 
conclusions that this is an important tool. Maybe it is, but that will 
require further elucidation. 

I have three questions. First, how do you decide when to study 
one of the patients at high risk? The article stated that the high- 
risk patients with abnormal scans who went on to develop ARDS 
did so within six to 12 hours of the scan. If the full overt expression 
of ARDS occurs that soon after an abnormal scan, then it is difficult 
for me to understand how one could intervene to prevent the 
development of ARDS once an abnormal scan has occurred. 

The second question has to do with the curves of isotope 
clearance. One of the things that is known to disrupt the alveolar 
capillary membrane is alveolar hypoxia, which may occur as a 
consequence of small-airway obstruction. It appeared on your 
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graphs that the vertical slope, which I would assume to be the 
distribution of the isotope in the lungs, was different for the 
patients with abnormal scans as opposed to the controls. Is it 
possible, using this technique, to determine the efficiency of 
distribution of the isotope in the lung fields and derive some 
inferences concerning the small-airway component of the early 
development of ARDS? 

My third question has to do with the distribution of the patients 
who later developed ARDS. Were any of these patients in either 
the high-risk/abnormal scan or high-risk/normal scan groups? 

Marc Eric Lanser, MD, Boston: I have a few questions 
regarding the techniques used in this study. You mentioned that 
the isotope crosses the alveolar-capillary barrier by passive diffu- 


sion. Therefore, isotope washout from the lung would depend on 4 


both the ventilation-perfusion ratio and pulmonary blood flow; and 
the higher the pulmonary blood flow, the faster the isotope would 
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be washed out from the alveoli, quite apart from any change in 
alveolar permeability. 

Have you stadied the relationship of the isotope clearance to 
increases in cardiac output or changes in ventilation-perfusion 
independent of any changes in alveolar-capillary permeability? 

Maria D. AŁLo, MD, Baltimore: I have two questions. From the 
graphs on whicn you showed differences in chemotaxis, it was very 
hard to see a diference between the low-risk patients and the high- 
risk patients with normal scans. In fact, the low-risk patients 
looked as if they had similar chemotaxis to that of the high-risk 
patients with zonormal scans. Would you please clarify that point? 
Second, what would you do differently clinically in the manage- 
ment of patients who have abnormal scans? 

JOHN MEGEL, MD, Baltimore: I would like very much to believe 
that there is, n fact, an increased permeability in ARDS, but I 
have serious cencerns about the technique used in this study. You 
have done a wsshout technique from the alveolar gas side. The key 
feature of ARPS is that the functional residual capacity in alveolar 
volume decreases, which means you will have a more rapid washout 
under these circumstances. I think that the only way you can really 
say that this s measuring something different than a reduced 
alveolar volume, which does not say anything about permeability, 
would be to compare a helium washout simultaneously with a 
technetium washout and see whether there is a substantial differ- 
ence, since the slope of washout is more rapid. I would interpret the 
curves as showing merely a reduction in functional residual capac- 
ity and not preving that there is a change in permeability at all. 

Murray J. Girotti, MD, Toronto: I am concerned about the 
methodology ased to assess the capillary permeability changes 
that were observed during your study, as it relates to the methods 
of ventilation If your control patients are breathing spon- 
taneously, they are entirely different patients hemodynamically 
from those that are ventilated, especially those patients who have 
PEEP. 

When most patients with trauma or sepsis are ventilated in the 
intensive care unit, they are in a supine position, and there is a 
redistribution of blood flow and ventilation through zones 1, 2, and 
3. They now assume an anteroposterior type of orientation as 
opposed to superoinferior when standing. The placement of the 
gamma camera to count capillary leak over the anterior chest wall 
really allows observation of a very heterogeneous population of 
alveoli and capillaries that are being perfused. Most of the ventila- 
tion scanned would be delivered to zone 1 in many of these patients, 
and you would not record the differences in the zone 3 perfused 
area, where supposedly most of these activated PMNs are going. 
Would it have made more sense to place the camera in a lateral 
position or to aave two cameras, one anteriorly and one posteriorly, 
to catch the »asal segments that would have been perfused and 
potentially nenventilated? 

DonaLp S Gann, MD, Providence, RI: Others have spoken 
about the methodologic problems. I would like to confine my 
questions to the conclusions. There were two, as I saw them. One 
was that the omplement activation appeared to be anecessary but 
not sufficient condition for the development of permeability. I do 
not see how one can arrive at that conclusion if not all the patients 
who have increased capillary permeability as measured demon- 
strate the complement activation. 

My second remark relates to the same problem. The correlation 
coefficient that was given was .385. The 7°, therefore, will be 15%, 
that is, 15% ef the variation in permeability can be explained by 
complement activation at the maximum. That is a very weak 
correlation irleed. I wonder how the authors can infer cause from 


~ that. 


RoGER W. Y urr, MD, New York: I have two questions related to 
the mechanism of the process. You mentioned that N-formyl- 
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methionyl-leucyl-phenylalanine was also used as a chemoattrac- 
tant in some of your studies. I would have assumed, then, that you 
would be talking about specific deactivation or specific desensitiza- 
tion. Whether the process is specific is an important consideration. 
I wonder if you would comment on whether you think this is 
nonspecific or specific deactivation. 

Second, did you see a decrease in PMNs or margination of PMNs 
corresponding to these increases? If so, and if the proposed 
mechanism is valid, I wonder if you saw multiple-organ failure or 
the same type of process occurring in other organs. 

THOMAS Sasa, MD, Albany, NY: Is the technetium-labeled 
aerosol cleared by the alveolar macrophages? If it is, what is the 
influence of disturbances, either activation or depression of 
alveolar macrophage function, on your measurements of lung 
clearance? Have you taken this into consideration? 

My next question relates to potential mechanisms mediating the 
permeability defect. You emphasized that this was perhaps due to 
leukocyte activation and the release of oxygen metabolites. Do you 
think that is absolutely the only mediator, or might the release of 
proteases from these activated cells, which can degrade matrix 
proteins, also mediate an alteration of endothelial cell adhesion and 
permeability? 

Dr TENNENBERG: In regard to Dr Flint’s remarks, our protocol 
called for identification of high-risk patients as soon as possible 
after they entered our surgical intensive care unit. On average, 
patients underwent blood drawing, as well as radioaeroscl lung 
scanning, within 12 hours of their injury. Therefore, we believe that 
we are looking at a very early phase in the high-risk period for the 
development of ARDS. 

In regard to the lung scanning technique, maybe I can answer 
several questions together. Radioaerosol lung scanning has re- 
ceived considerable support as an efficient and proven method to 
evaluate PACP. Studies have shown that the diffusion and subse- 
quent clearance of this inert particle across the membrane complex 
is not affected by clinically relevant changes in pulmonary blood 
flow or cardiac output. If one occludes an entire right or left 
pulmonary artery in dogs, radioaerosol clearance in the ipsilateral 
lung is decreased, while it is unchanged in the contralateral lung 
receiving twice-normal blood flow. Therefore, our observed in- 
creases in radioaerosol clearance cannot be attributed to changes 
in blood flow. The determination of radioaerosol lung clearance can 
thus be termed diffusion-dependent and perfusion-independent. 

Dr Flint also asked about our patients with ARDS. It is true that 
the patients who developed ARDS (six patients, all of whem had 
abnormal scans early on) developed the clinical syndrome, as we 
defined it, approximately six to 12 hours after their abnormal scan. 
However, I would argue that this is ample time to institute early 
prophylactic therapy for ARDS. I think most would agree that if 
we wait for patients to develop the full clinical syndrome there is 
nothing we can do to alter the course of the disease. It is the 
attempt of the lung scan to detect very early subclinical defects in 
these patients so that therapy is begun as early as possible. 

Dr Lanser asked about the lung scan technique. As I mentioned, 
clinically relevant changes in pulmonary blood flow will not affect 
the clearance rate. Therefore, we do not believe that the individual 
fluctuations in cardiac output and pulmonary blood flow affected 
our results. 

Dr Allo alluded to the fact that our low-risk patients also 
demonstrated selective chemotactic desensitization toward C5a. 
This was true. Although this was a small patient group, this lends 
further support to the notion that CMNA alone cannot precipitate 
ARDS. 

We did not alter the management of the high-risk patients once 
an abnormal scan was obtained. However, we are shortly beginning 
several studies that will utilize the lung scan as an early screening 
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technique te seleet high-risk patients with ARDS who are suitable 
for prophylactic therapy. 

Dr Siegel alluced to the possible ventilatory artifacts that our 
scanning technique may have. We have not directly addressed this, 
although other studies have looked at this problem. The primary 
focus of our study was to look at the permeability defect of ARDS, 
which we believe to be the basic underlying pulmonary injury. It is 
true that ARDS causes abnormalities in ventilatory measures, ie, 
decreased functional residual capacity; however, that was not the 
focus of this study. In addition, a decreased functional residual 
capacity might only decrease radioaerosol clearance. 

Variations in ventilatory distribution did not pose a problem. 
The aerosol is distributed evenly throughout the lung, and al- 
though we do not have any specific measure of how evenly it is 
distributed, all patients had a very uniform, fine, homogeneous 
distribution of the radioaerosol, as monitored by the gamma 
camera. 

We have net found that any ventilatory measures affect clearance 
rate. There have deem some early studies in normal controls that 
showed PEEP to increase radioaerosol clearance. However, the 
effect of PEEP on patients requiring ventilatory support serves to 
normalize abnormal lung ventilation. The mode of ventilatory 
therapy in our intensive care unit is finely regimented such that all 
patients achieve the same level of oxygenation. This is accom- 
plished by the use of PEEP to maintain adequate critical opening 
pressures and normalize shunt fractions. Under these conditions, 
we believe that ventilatory measures did not play a significant role 
in our findings. 

We have seen some patients with ARDS who had PEEP levels as 
high as 25 cm H.O and their scans are no more abnormal than in a 
high-risk patient who is not receiving ventilatory support. These 
patients will have increased alveolar-capillary permeability. 

Dr Gann took note of our conclusions. Many studies have 
stressed that CMNA is a very important and possibly critical 


factor in the development of ARDS. We agree that this may be 
true. However, our study seems to show that virtually all high-risk 
patients have evidence of CMNA as noted by chemotactic desensi- 
tization toward Ca and elevated C3a levels. Yet only a very small 
portien of these patients go on to develop clinical ARDS. This is the 
basis for our belie? that other factors (and we might speculate as to 
what they are) are needed to precipitate the full clinical syndrome 
and that CMNA may serve as an initial, potentiating mechanism. 

There was indeed a weak correlation between C3a levels and 
technetium clearance. I mentioned this correlation more to demon- 
strate that the high-risk patients all fell within a spectrum between 
low-risk patients and patients with established ARDS. 

Dr Yurt asked about chemotaxis toward N-formy]-methionyl- 
leucy-phenylalanine. We did look at chemotaxis in these patients. 
Only the group with established ARDS showed a slightly de- 
creased chemotactic response to N-formyl-methionyl-leucyl- 
phenylalanine. Therefore, in the high-risk patients we found 
specific, C5a-mediated, chemotactic desensitization. 

We did not look at any method for determining PMN margina- 
tion, and none of our patients developed multiple-organ system 
failure. 

Dr Saba speculated about the role of the alveolar macrophage in 
clearing the technetium particle. This would only affect the 
clearance results if the macrophage ingested the particle and then 
migrated away from the lung within 20 minutes. I doubt that either 
of these possibilities occur. 

Speculating on the mechanism of the permeability defect in 
ARDS, we believe that CMNA activation serves as a baseline 
potentiating mechanism in this problem. However, there appear to 
be ather mediators or mechanisms not addressed in this study, 
which are necessary for the full clinical syndrome to develop. These 
might include further PMN activation or the interaction of PMNs 
with other cellular mediators, ie, platelets or macrophages. 


In Other AMA Journals 
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Monitoring the Optimal Infusion of Intravenous Lipids: Detection of Essential Fatty Acid 


Deficiency 


Edward N. Siguel, MD, PhD; Jeffrey B. Blumberg, PhD; Jonn Caesar, MA 


Since increased amounts of the trienoic acid C20:3w9 are preduced in patients with essential fatty acid (EFA) 
deficiency (EFAD) of the linoleic (w6) family, the trienoic (C20:3w9)-to-tetraenoic (C20:4w6) fatty acid ratio 
(T/T ratio) is used as a biochemical indicator of w6 EFAD. A T/T ratio above 0.02 is suggestive of w6 EFAD. 
Fatty acid profiles, listing the percents of individual and families of fatty acids, are useful in evaluating the 
effects of intravenous lipid infusions during treatment. We evaluated the condition of a patient with fat 
malabsorption treated with a soybean oil-based intravenous lipid solution and found that levels of linoleic acid 
and its derivatives did not reach reference levels, while linolenic acid and its derivatives quickly exceeded 
reference levels. A persistently elevated T/T ratio suggested that altered fatty acid metabolism characteristic 
of linoleic acid deficiency was not corrected by the treatment. Plasma levels of the EFA, ie, linoleic and 
linolenic acids, cannot be predicted from the lipid treatment or from the patient’s clinical course; therefore, 
periodic measurements of EFA are required to monitor the effects of therapy. To provide the most effective 
therapy, the amounts and proportions of linoleic and linolenic acids provided in the intravenous infusions 
should be varied, as indicated by periodic monitoring of the fatty acid profile (Arch Pathol Lab Med 


1986;110: 792-797). 
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Mierobiologic Prediction of 


Abdominal Surgical Wound Infection 


Alan V. Polloex, MB, FRCS, Mary Evans 


e We compared two methods of estimating parietal bacterial 
contamination during abdominal operations. Duplicate swabs 
were taken fom the subcutaneous tissues at the end of 817 
operations; one was transported to the Department of Micro- 
biology in Stwart’s thioglycollate medium and the other imme- 
diately mcukated in Robertson’s cooked meat broth in the 
operating roam suite and subsequently subcultured. The broth 
cultures revealed significantly more isolations of potentially 
pathogenic bacteria and more accurately predicted the likeli- 
hood of wound infection. In particular, when visceral cultures 
were positive, broth culture of wound swabs predictedia major 
wound nfection rate of 0% when sterile, 4.8% when a single 
pathogenic species was cultured, and 10.1% when two or more 
were cultured. The corresponding figures for thioglycollate- 
transported swabs were 1.0%, 10.5%, and 12.9%. We conclude 
that broth curtures of parietal swabs allow accurate identifica- 
tion of patiemts-at risk of infection from bacterial contamina- 
tion of the weund during operation. 

(Arch Surg 1987 ;122:33-37) 


rimary surgical wound infection—the discharge of pus 

from a closed wound—occurs when there is an im- 
balance between the number and virulence of bacteria 
contanminating the wound and in the efficiency of the 
patients defenses. These defenses are supplemented by the 
presenee of appropriate antibiotics in the tissues at the time 
of contaminatien; they are weakened by anergy and by local 
hypoxia, devitalized tissue, and sutures. 

The bacteria that contaminate surgical wounds during an 
operation oxiginate either from exogenous sources (includ- 
ing the skia of the patient and shed skin scales of the 
operatmg team) or, more often, from endogenous sources 
(the opening of potentially contaminated hollow viscera). 
Whatever their origin, no infection can occur in a dry closed 
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surgical wound unless bacteria are deposited in that wound 
during the operation. 

We were dissatisfied with current methods of detecting 
parietal wound contamination in abdominal operations and 
studied a modification suggested by techniques of blood 
culture, on the hypothesis that this would increase the 
sensitivity and predictive value. 


PATIENTS AND METHODS 


During 817 emergency or elective abdominal operations (exclud- 
ing those for elective hernia repair) we assessed the likelihood of 
endogenous bacterial contamination by immediate culture in Rob- 
ertson’s cooked meat broth’ of swabs or biopsy specimens from the 
inside o opened hollow viscera, or from the peritoneum if no viscus 
was opened. At the conclusion of each operation we took duplicate 
swabs from the subcutaneous tissues before closing the skin. One 
of these was placed in thioglycollate transport medium? and sent to 
the Department of Microbiology, where aerobic cultures were 
made on horse blood agar (Oxoid No. 2) and cystine-lactose electro- 
lyte-deficient agar (Oxoid) and anaerobic cultures on blood agar 
(Oxoid No. 2) with 100 mg/L of neomycin sulfate in evacuated con- 
tainers with hydrogen—carbon dioxide generators (GasPak). Plates 
were inspected after 24 and 48 hours and colonies identified by 
standard criteria. We classified corynebacteria, Staphylococcus 
epidermidis, and other coagulase-negative micrococci as skin 
flora. 

The second parietal swab was placed immediately, by the 
operating surgeon, into a bottle of cooked meat broth (Oxoid), 
taken by a runner nurse, and placed in an incubator in the 
operating room suite. It, and the visceral swab culture, were left 
incubating for a variable time (not less than 24 hours) and then 
taken to the Department of Microbiology, where subcultures were 
made on the same media as for the transport medium swabs. 

All patients were followed up as inpatients and outpatients for at 
least four weeks. Wounds were inspected daily after the third day 
until the patient was discharged from the hospital. If there were 
signs of fluid in the wound, it was aspirated, placed in cooked meat 
broth, and immediately incubated. On occasion a wound that 
showed no previous sign of being infected discharged fluid; in such 
cases this fluid was cultured. No cultures were available from 
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wound infections that showed themselves after patients had gone 
home. These were all minor, as opposed to those that occurred 
while patients were in the hospital, many of which were major and 
caused constitutional disturbances, delayin healing, and extension 
of the patients stay. 

The significance of differences in propertions was calculated by 
Armitage’s standardized normal deviate (u), equivalent to x°.’ 
Probability values of less than .05 were accepted as significant. The 
95% confidence limits (CL) of proportions and differences between 
proportions were calculated.* 


RESULTS 


Of the 817 visceral swabs, 392 (48%) showed no growth or 
revealed only skin flora. Pathogenic species were cultured 
from 12 parietal swabs transported in thioglycollate me- 
dium (3.1%; CL, 1.6% te 5.3%) and in 23 (5.9%; CL, 3.8% to 
8.7%) from cooked meat broth (u=1L73, P=.08) (Table 1). 
These 392 operations included 148 on the stomach, duo- 
denum, or gallbladder, 73 on the appendix or colon, 63 on 
the urinary tract, and 108 in which no viscus was opened. 

In the remaining 425 operations, the visceral swab cul- 
ture yielded intestinal bacteria. In these the superior 
sensitivity ef immediate cooked meat broth culture of 
parietal swabs was most apparent (Table 2). Parietal con- 
tamination by potential pathogens was revealed in 232 
(54.6%; CL, 49.7% to 59.4%) of the swabs placed in cooked 
meat broth, eompared with 124 (29.2%; CL, 24.9% to 33.8%) 
of those transported in thioglycollate medium (w=7.44, 
P<.001). The proportion of parietal swabs yielding two or 
more pathogenic species was significantly higher in those 
cultured in broth (109/425 [25.6%; CL, 21.6% to 30.1%]) than 
in those cultured out of transport medium (31/425 [7.3%; 
CL, 5.0% to 10.2%]) (w=7.12, P<.001). The species of 
bacteria isolated are shown in Table 3. More than twice as 
many pathogens were isolated from broth than by agar 
plate culture out of transport medium; in particular, the 
superior ability of broth cultures to identify anaerobic 
bacterial contamination is clearly shown. The results of 
cultures in the four types of operations are shown in Table 4. 

Of the 817 patients in this study, 133 (16.3%) developed 
wound infections, 18 (2.2%) being major. Microbiologic 
examination of pus was made in 17 of the major infections 
and revealed the presence of intestinal organisms in all, on 
two occasions accompanied by Staphylococcus aureus. Ten 
of the 79 minor wound infections in which pus was examined 
were caused by staphylococci; the remaining 69 (87.3%) 
were caused by intestinal organisms, accompanied on 15 
occasions by staphylococci (Table 5). In 16 (94.1%) of the 17 
major infections and 54 (78.3%) of the 69 minor infections, 
the species of bacteria isolated from the pus were the same 
as those that had been identified in broth cultures taken 
during the operation. 

The power of the two methods of detecting operative 
bacterial contamination of the subeutaneous tissues in 
predicting subsequent wound infection is shown in Table 6. 
When both visceral and parietal cultures were sterile or 
yielded only skin flora, the rates of wound infection did not 
differ significantly between the two methods of parietal 
swab culture. On the other hand, in the 425 operations 
during which visceral contamination was found, 301 parietal 
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Table 1.—Findings in Parietal Swabs When 
Visceral Swabs Were Sterile (n= 392) 
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Table 3.—Pathogens Isolated From Parietes When 
Visceral Swab Was Infected 


Method 


os r 


Pathogen Transport Medium Cooked Meat Broth 


swabs in thioglycollate medium failed to show bacterial 
growth; 57 wounds (18.9%) discharged pus, and three of 
these infections were major. In contrast, when duplicate 
parietal swabs cultured in cooked meat broth were sterile, 
the incidence of wound infection was 19 of 193 (9.8%), and 
none was major (w= 2.60, P=.009). The 95% CL of the 9.1% 
difference in these proportions are +3.0% to +15.2%. 
Parietal contamination detected by either method of swab 
treatment was a strong predictor of subsequent wound 
infection. The superior sensitivity of cooked meat broth, 
however, allowed recognition of a significantly higher total 
rate of wound infection when perioperative parietal cul- 
tures revealed two or more aerobic or anaerobic species of 
intestinal bacteria (47.7%) than when only a single species 
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Finding Medium Broth 


Stomach, duodenum, gallbladder surgery 
Total 


Sterile 

Skin flora 

Staphylocoecus aureus 

1 intestinal aerope 

Intestinal anaerobe 

=2 aerobes 

Aerobe plus anaerobe 
Appendix, colen surgery 

Total 


Sterile 

Skin flora 

S aureus 

1 intestinal aerabe 

Intestinal anaerwbe 

=2 aerobes 

Aerobe plus anaerobe 
Urinary system surgery 

Tota! 


Sterile 
Skin flora 
S aureus 
1 intestinal aerobe 
Intestinal anaerobe 
=2 aerobes 
Aerobe plus amaerobe 
Surgery with no hollow viscus opened 
Total 


Sterile 

Skin flora 

S aureus 

1 intestinal aembe 
Intestinal anaerobe 
=2 aerobes 

Aerobe plus anaerobe 





was identified (32.9%) (w=2.27, P=.028). The 95% CL of 
this 14.8% difference are +2.7% to +26.9%. These differ- 
ences were not reflected in the results of parietal cultures 
out of thioglycallate medium. 

The rate ef major wound infection when two or more 
pathogens were isolated in broth was more than twice the 
rate when only one pathogen was found, but the difference 
did not reach conventional statistical significance (u =1.39, 
P=.17). 


COMMENT 


Bacterial contamination of the surgical wound during 
operation is the most important single determinant of 
” subsequent wound infection. There are several methods of 
detecting this contamination. One of the most sophisticated 
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Clostridium species 2 
Staphylococcus aureus 2 
Staphylococcus epidermidis 0 7 


LIDILO;OoO!;}o;o;o;o 


is the velvet pad technique’; a pad is impressed on the 
parietal tissues and the impression transferred to blood 
agar in Petri dishes, which are immediately incubated. 
Colony counting and identification after 48 hours allow 
quantitative estimations of the extent and nature of parietal 
contamination. This method is eminently suitable for a 
research laboratory but does not fit into the requirements 
of a service microbiology department. 

Wound irrigation with 10 mL of lactated Ringer's solution 
followed by incubation of the fluid on blood agar was the 
method chosen by the organizers of the Veterans Adminis- 
tration Cooperative Study on bowel preparation for elective 
colorectal operations.® This method, however, failed to pre- 
dict wound infection; of the 24 wounds in which periopera- 
tive cultures yielded colonic flora, four (17%) became in- 
fected, compared with 12 (18%) of 67 that showed no growth. 

We have documented in the present study the yield of 
bacteria from the subcutaneous tissues in abdominal opera- 
tions and the predictive power for the development of 
wound infection of positive and negative cultures cut of 
thioglyeollate medium compared with those in a nutrient 
broth. The latter method revealed a considerably higher 
proportion of operations complicated by parietal contami- 
nation and a considerably greater number of pathogenic 
species than the former. Skin flora were identified in pure 
culture in cooked meat broth at the end of 120 operations, 
compared with 18 when swabs were transported in thio- 
glycollate medium. These we have regarded, from the point 
of view of prediction of abdominal wound infection, as 
nonpathogenic. There were, however, significantly more 
isolations of intestinal organisms from the broth cultures 
than from those out of transport medium, and the presence 
or absence of perioperative parietal contamination revealed 
by broth cultures was better able to predict subsequent 
wound infection. Cooked meat broth was particularly effi- 
cient at showing anaerobic contamination. 

Finally, the superior sensitivity of broth culture allowed a 
distinction to be made between the rate of wound infection 
when one species of intestinal organism was cultured from 
the parietes and the rate when two or more species were 
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Table 6.—Wound Infections in 817 Abdominal Operations 


Thioglycollate Medium Cooked Meat Broth 
S 
Total No. Total Wound Major Wound 


of Operations Infections (%) Infections (%) 


Total No. 
of Operations 


Total Wound 
Infections (%) 


Major Wound 
Infections (%) 


Both visceral and parietal 
swabs sterile* 


Visceral swab contaminated, 
parietal swab sterile* 


Single pathogenic species 
in parietal sweb 


=2 pathogenic species 
in parietal swab 


**Sterile” includes skin flora. 


cultured. The patients who had one species identified had a 
one in three chance of developing a wound infection and a 
one in 20 chance that it would be major, compared with a 
nearly one in two chance and a one in ten chance of major 
infection when two or more species were identified. This 
distinction was not seen when the results of cultures out of 
thioglycollate medium were studied. 

The ability of broth cultures to reveal indirect evidence of 
heavy bacterial contamination was shown by Stone and 
colleagues.’ They cultured parietal swabs in peptone broth 
and reported, in the absence of antibiotic prophylaxis, rates 
of wound infection ranging from 2% when no parietal 








contamination was detected, to 14% when a single species 
grew, and to 37% when two or more species were cultured. 

We conclude that enrichment broth culture of wound 
swabs during abdominal operations is more likely to reveal 
parietal contamination than swabs cultured on blood agar 
out of thioglycollate transport medium, and that the identi- 
fication of such contamination, and of more than one species 
of intestinal bacteria, is valuable in the prediction of postop- 
erative surgical wound infection. 


We offer grateful thanks to Edgar Atkinson for technical expertise and to 
the Scarborough Research Fund for financial support. 
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Discussion 


DIETMAR H. W:trman, MD, Hamburg, West Germany: The 
authors compared zwo methods to detect bacterial contamination 
of wounds during abdomina! operations. One method, as was 
shown, gave better results. 

To predict 100 wound infections, 1634 bacteriologic examinations 
were necessary. However, 26% of the postoperative wound infec- 
tions were still missed by this sophisticated method. This tells us 
that further methodologic improvements might be possible. 

Also, improvements in the speed of bacteriologic investigations 
are urgently necessary, since, even with the sophisticated methods 
used by the authors for treatment purposes, the results were 
available too late. We all know that after 24 to 48 hours, the bacteria 
in the wounds responsible for the potential infections have already 
grown to high numbers and can no longer be treated successfully 
by antimicrobial chemetherapy. 

Only when the bacteriologists have developed methods that give 
results of bacterial identification and sensitivity testing within five 
minutes or less can antibiotic treatment be started early enough, 
ie, during the operation, to expect success. 

Therefore, the major message of this study is that a high-risk 
group of patients can be identified during the early postoperative 
period. These were 18% of the patients in that study. These 
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patients should be observed closely in the early postoperative 
period to diagnose the infections and to open and drain them to 
prevent dissemination to a life-threatening infection. 

The other message from this study is that the authors again have 
shown the insufficiency of standard routine bacteriologic evalua- 
tion of surgical wounds. 

With my study group on intra-abdominal infections, we have 
found that at least seven culture media are necessary into which 
pus anc infected tissue has to be placed in the operating room 
under aerobic and anaerobic conditions to identify most of the 
pathogens. However, I was surprised by the dimensions of the 
problem that Pollock and Evans were able to demonstrate. They 
showed that with thioglycollate transport medium and routine 
bactericlogic examination, 84% of B fragilis, 76% of enterococci, 
67% of elostridia, and 45% of Escherichia coli were missed. This 
emphasizes that the results of standard bacteriologic evaluation 
must be interpreted to select the appropriate treatment modality 
for an individual patient in the normal clinical situation. 

Maximo DeysInE, MD, Northport, NY: I would like to suggest 
that one of the problems we may have in interpreting a study such ~ 
as this is that we do not have a measure of how much dead tissue 
was present in the wound at the end of the operation. 
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MELODY O’CowNnor ALLEN, Minneapolis: I wonder if we could 
obtain a litzle mere information about the type of surgical apera- 
tions these patients underwent, particularly the wound classifica- 
tions. How manz of the patients had what could be defined as a 
clean wound, anc haw many had a clean-contaminated wound’? How 
many were-clear-y contaminated? That may be a simpler method of 
predicting zhe pessibility of development of a wound infection than 
obtaining the tyne of culture that you have described. 

Were allithe wounds managed in a similar fashion? One possible 
problem cculd be encountered if a wound was not left open. In a 
case in which tlere was clear contamination, the infection rate 
might be higher 

Dr Nysrrom Sweden: We have been dealing with theseprob- 
lems for a long time. My own group and other groups in Scan- 
dinavia hare been trying various methods to detect contamination. 
We have used semiquantitative techniques, and the results seem to 
show that zhe major part of the risk is associated with the presence 
and number of coliforms. Finding two or more species en the 
culture usually 2quals a heavier contamination with higher num- 
bers of coliforms at the time. 

In a study we have just completed, S aureus was another 
organism that aad a prognostic value. We were surprised that 
Bacteroides fragilis was of no consequence, but then coliforms 
would usually be present as well, and the patients were given 
prophylaxis with metronidazole. I wonder if Dr Pollock has done 
any analysis as to whether bacteria other than coliforms provide 
prognostie valu. 

The quantitative analysis, ie, the numbers of colonies found, 
showed that tue infection rate varied between 20% and 80% 
according to tle culture count. However, the 95% CL tor the 
prediction of the true wound count with a single culture ismearly 
+2 logs. That is very weak. Moreover, the detection level in 
experimental wounds is about 100 bacteria ten minutes after the 
contamination ¿nd is much higher at a later time, because bacteria 
are rapid_y cleared from the wound or firmly associated with it. 
Probably because of these uncertainties in the culture technique, 
wound culture will have a fairly low predictive value. 

Dr Pollock, with his good methods, is able to identify a group of 
patients emong whom 85% of the infections will appear. In an even 
smaller group of patients with two or more isolates, only every 
second patient will be infected. 

What can we do with this information? I would rather congratu- 
late Mrs Nega-ive Culture on the fact that she has a better than 


90% chance of recovery without an infection than I would call on Mr 
Positive Culture to inform him that he has an even risk of being 
infected and I do not know what to do about it. 

In a couple of cases, I have split open the wound to abort 
infection. In a few other instances, I have given the patient the full 
course of antibiotic treatment. Does Dr Pollock have any other 
suggestions as to what to do with the information with which the 
cultures provided him? 

Also, at least two other factors are heavily involved in this 
problem: the so-called wound factors, ie, the ligatures, necrotic 
tissue, and accumulation of blood, which so greatly potentiate the 
bacterial proliferation, and the state of defense of the wound. Does 
Dr Pollock have a suggestion about which measurement can be 
used to provide estimates of these two factors? As the state of the 
art stands, I believe that the wound culture provides insufficient 
information to be of clinical value. 

A final remark—all of you know that wounds contain bacteria. 
We are not searching for a method that confirms this fact; rather, 
we search for a culture method that is sufficiently sensitive to 
detect significant contamination. 

Dr Poxtuock: Dr Wittman, I thank you in particular for coing 
some of the sums, which I ought to have done myself. I hadn’t 
realized the percentages were as you stated them, but thank you 
very much; I will bear them in mind. The improvement in speed of 
availability of microbiologic investigations is absolutely fundamen- 
tal. We are going a certain way along that road by sending a 
sufficient quantity for gas-liquid chromatography, which will allow 
us to identify certain organisms, but, unquestionably, we want a 
much speedier method, and there is some deficiency in present 
microbiologic methods—I hope there are some microbiologists 
present. 

Dr Deysine, one of the problems is that we have no measure of the 
amount of dead tissue. It is similar to what I always teach—that 
gentle surgery is as important as the exclusion of microorganisms. 
How do we define gentle surgery? I am afraid I don’t know. 

Dr Allen, there were no patients included in whom the wound 
was left open. 

Dr Nystrom, I am most interested in the fact that you found no 
correlation between the finding of B fragilis and subsequent 
infections. I am also delighted that you mentioned the 95% CL. 
This is a statistical trick that all of us as surgeons need to learn, and 
I think that an article without 95% CL when they are applicable isa 
bad artiele. 


In Other AMA Journals 


ARCHIVES OF OTOLARYNGOLOGY-HEAD AND NECK SURGERY 
T-Lymphocytes as a Prognostic Indicator in Head and Neck Cancer 
David E. Schuller, MD; Raymond P. Rock, MD; John J. Rinehart, MD; Antoinette R. Koolemans-Beynen, MS 


The relationship of a cancer patient’s immunoreactivity and prognosis appears to be more complex than 
ariginally reported. Many earlier studies seemed to show that these assessments of immune competence had 


prognostic significance. Later reports showed no correlation. Newer technology has given the capability of 
measuring T-lymphocyte subpopulations and offers the possibility of a more sophisticated assessment of 
immunoreactivity that might correlate with prognosis. A study of 59 head and neck cancer patients was 
undertaken to assess the value of measuring the T-cell subpopulations in the peripheral blood and from 
regional neck lymph nodes. This study shows no difference between those patients free of disease and those 
either living or dying of disease. The conclusion of this study is that the measurement of T-cell subpopulations 
effers no prognostic value for patients with head and neck carcinoma (Arch Otolaryngol Head Neck Surg 


1986;112:938-941). 
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Surface Biofilm Disruption 


Enhanced Recovery of Microorganisms From Vascular Prostheses 


David F. Tollefson, MD; Dennis F, Bandyk, MD; Hermann W. Kaebnick, MD; 


Gary R. Seabrook, MD; Jonathan B. Towne, MD 


è Ultrasonic oscillation (sonication) of explanted vascular 
prosthetic graft material can disrupt surface biofilms and 
increase the recovery of adherent microorganisms. Recovery 
of microorganisms from vascular grafts was studied in a 
canine model of Staphylococcus epidermidis graft contamina- 
tion (N= 26) and on graft material excised from patients under- 
going femoral anastomotic pseudoaneurysm repair (N=7). 
Surface bicfilm disruption by sonication significantly in- 
creased the incidence of positive cultures of excised graft 
material compared with broth (P<.010) and blood agar plate 
(P<.005) culture techniques. The S epidermidis was recovered 
from 31% of the canine vascular grafts and 100% of the clinical 
specimens. The in vitro production of a glycocalyx “slime” 
was demonstrated in 73% of the recovered staphylococcal 
strains. The formation of an adherent bacteria biofilm on im- 
planted vascular prostheses is not an uncommon occurrence 
and is an important factor in the pathogenesis of anastomotic 
pseudoaneurysm formation and late graft infection. 

(Arch Surg 1987 ;122:38-43) l 


uring the last two decades, the incidence of prosthetic 
vascular graft sepsis has declined, and early postop- 
erative infection involving the graft is a rare occurrence 
(<1% incidence).™ Clinical recognition of vascular pros- 
thesis infection now occurs months to years after implan- 
tation and is commonly associated with graft healing com- 
plications, such as anastomotic aneurysm, graft-enteric 
fistula formation, the development of cutaneous sinus tracts 
that communicate with the prosthesis, or the absence of 
graft incorporation by surrounding tissue. The patho- 
genesis of late graft infection appears to be related to the 
colonization of the prosthesis by low-virulence microorga- 
nisms, such as Staphylococcus epidermidis, which are 
harbored and survive within a surface biofilm.** The miero- 
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organisms adhere to and colonize the prosthetic surface at 
the time of implantation, during the perioperative interval, 
or via a bacteremia after operation. Because of the station- 
ary mode of bacterial growth within the biofilm, there may 
be no overt signs of sepsis. The surface biofilm is produced 
primarily by the microorganisms and is a complex structure 
compesed of coalescing microcolonies of bacteria and a 
surrounding fibrous anionic matrix of exopolysaccharide, 
glycoealyx.® The production of extracellular glycocalyx, 
also referred to as “slime,” facilitates microcolony adhesion 
to the prosthetic surface, provides a suitable environment 
in which nutrient flow occurs, and protects the micro- 
organisms from antibacterial agents and host defenses.” 

Bacteria sequestered within a surface biofilm may not be 
identified by routine microbiologic culture techniques. We 
demonstrated this phenomenon in a study of aortofemoral 
graft infection with S epidermidis by the inability to isolate 
a microorganism in three (17%) of 18 patients with clinical 
signs of graft infection. The sampling error of routine 
culture methods should be reduced if the biofilm can be 
physically disrupted and enclosed viable organisms are 
dispersed into the culture media. Work in our laboratory 
has shown ultrasonic oscillation using low-energy, high- 
frequency sound waves to be an efficient method of disrupt- 
ing bacterial clusters and removing adherent viable bacte- 
ria from vascular prostheses in vitro.” In this study, we 
examined the influence of surface biofilm disruption by 
sonication on the recovery of microorganisms from vascular 
graft material suspected of being colonized. Graft spec- 
imens from two sources were cultured and examined by 
scanning electron microscopy (SEM); these sources were a 
canine model of S epidermidis vascular graft contamination 
and prosthetic vascular material excised from patients 
undergoing femoral anastomotic pseudoaneurysm repair 
after aortofemoral bypass grafting. 


MATERIALS AND METHODS 
Canine Model 


Using sterile technique, 26 conditioned mongrel dogs of either 
sex (weighing 18 to 25 kg) underwent replacement of the infrarenal 
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abdominal aorta with a 6-mm-diameter, 5-cm-long, interposition 
prosthetic vascular graft. Two types of commercially available, 
sterile prosthetic vascular grafts were used: expanded polytef 
(polytetrafluoroethylene [PTFE]) and single, velour, knitted 
Dacron. All animals received humane care in compliance with Prin- 
ciples of Laberatory Animal Care formulated by the National 
Society for Medical Research and the Guide for the Care and Use of 
Laboratery Avimals prepared by the National Academy of Sci- 
ence (National Khstitutes of Health publication 80-23, revised 
1978). 

Implanted grafts were inoculated with one of two S epidermidis 
strains. The strains were identified as S epidermidis using the 
commerce ally evailable, standardized, micro method consisting of 
conventicnal aad chromographic tests for identification of staphy- 
lococeal species (API STAPH-IDENT), and included a slime- 
producing (RP-12, ATCC 35983) and a non-slime-producing (SP-2, 
ATCC 35982) strain. Both strains were catalase-positive, coag- 
ulase-negative amd sensitive to novobiocin and fermented glucose 
but not manni*ol. The RP-12 S epidermidis strain demonstrated 
slime preduction when incubated in glucose-supplemented tryp- 
ticase soy broth (TSB) for 24 hours at 35°C. In these in vitro growth 
conditions, slime sroduction was evident by the formation of an 
adherent film cn the side of the test tube that stained with alcian 
blue, indicating an acid mucopolysaccharide composition. Ring 
formatior at tne liquid-air interface was not considered to be 
evidence of slime production. The minimum inhibitory concentra- 
tion (MIC) of cefazolin to both S epidermidis strains was 2 mg/L. 
The S epidermis bacterial inocula used to contaminate the 
implantec canine aortic grafts were prepared using a technique 
previously described." Inoculum solution consisted of 1 x 10’ orga- 
nisms (cdlony-2orming units) suspended in 1 mL of phosphate- 
buffered saline 

After inductinn vf anesthesia, 25 mg/kg of cefazolin sodium was 
intravenously aiministered. After operation, the animals received 
three intramuscular doses (25 mg/kg) at eight-hour intervals. The 
abdominal wall-was shaved and prepared with 1% povidone-iodine 
solution. Xnitted Dacron grafts were implanted in 15 animals and 
inoculated with the slime-producing S epidermidis test strain 
(n=8) or che nen-slime-producing strain (n=7). Eleven dags had 
PTFE grafts implanted and inoculated with either slime-produc- 
ing (n= 6)or noa-siime-producing (n=5)S epidermidis organisms. 

Immediately prior to graft placement, specimens of omentum, 
aorta wall, and seram were obtained for determination of cefazolin 
concentracion. 3loed was also aspirated from the aorta and placed 
in aerobicand anaerobic cultures. Grafts were anastomosedend to 
end into the canin= aorta using continuous 6-0 polypropylene or 


, PTFE suture. 3ystemic heparinization was not employed. After 


completion of the graft anastomoses and control of suture line 
bleeding, I mL 1% 10' organisms) of the S epidermidis inoculating 
solution was dripped onto external graft surface. The graft was 
covered with recroperitoneum and the abdominal incision ciosed. 
Three weeks after implantation, the aortic grafts were exposed 
through the priser =bdominal incision. Swabs of the external graft 
surface were cultured aerobically on tryptic soy agar with 5% 
sheep’s blood and anaerobically in thioglycollate broth. Blood 
cultures were ootamed from the aorta proximal and distal to the 
prostheticgraft The aorta was then occluded with vascular clamps 
and the graft excised. A 1-cm length of explanted graft was placed 
directly into TSB and incubated at 35°C. An identical adjacent 
segment of graft wes placed in TSB and ultrasonically oscillated at 
20 kHz for ten minttes to disrupt the surface biofilm and dislodge 
_ adherent microcolonies from the graft surface. After the sonica- 
tion process, the graft specimen was removed from the TSB 
effluent culture zube and placed in a second tube of TSB. Both the 
sonication effluent and graft specimen of TSB cultures were 
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incubated at 35°C and evidence of growth in either was counted as a 
positive culture for the sonicated graft specimen. A third graft 
specimen was placed in buffered 2% glutaraldehyde for examina- 
tion by SEM. 


Clinical Graft Specimens 


Graft specimens from seven patients undergoing femoral anasto- 
motic pseudoaneurysm repair underwent culture and examination 
by SEM using methods outlined in the canine model. All patients 
had had implantation of knitted Dacron aortofemoral bypass grafts 
five to 13 years (mean, 9.9 years) earlier for atherosclerotic 
occlusive (n=6) or aneurysmal (n=1) disease. Four patients had 
arterial reconstructive procedures involving the femoral anasto- 
mosis after graft implantation, including pseudoaneurysm repair 
in two patients. In addition, three patients had prior repair of a 
contralateral femoral pseudoaneurysm. No patient had systemic 
signs (fever, leukocytosis, or positive blood culture) of graft 
infection. At the time of pseudoaneurysm repair, all patients 
received a preoperative dose of cefazolin sodium intravenously. 


Culture Data Analysis 


All graft cultures with no growth at 14 days were considered 
sterile. Staphylococcal isolates were speciated using API STAPH- 
IDENT system. The incidences of microorganism recovery from 
the swab, broth, and graft sonication (effluent and graft material) 
broth cultures were compared for statistical significance using x? 
analysis with Yates’ correction. A P value of less than .05 was 
considered significant. In the canine model, the incidences of 
positive cultures relative to type of graft material (PTFE vs 
knitted Dacron) and S epidermidis strain (RP-12 vs SP-2) were also 
compared using x’ analysis. 








Table 1.—Recovery of Microorganisms 
Relative to Culture Technique* 


No. of Isolates/No. of 
Specimens Cultured 
i LE 
Agar Broth Sonication 
Plate Culture Culture 


All Positive Cultures, 
Including S epidermidis 














Canine aortic grafts 








RP-12 contamination 1/14t 7/14 9/14 

SP-2 contamination 2/12t 5/12 10/12 
Femoral pseudoaneurysm: i 

aortofemoral graft limb 1/4 3/7 7/7 


Total 4/30 (13%)t 15/33 (45%) 26/33 (79%) 


S epidermidis Only 










Canine aortic grafts 
RP-12 contamination 0/14 1/14 4/14§ 


SP-2 contamination 0/12 0/12 4/12\| 


Femoral pseudoaneurysm: 
aortofemoral graft limb 1/4 3/7 7/7 
Total 1/30 (3%)t 4/33 (12%)¢ 15/33 (45%) 


*RP-12 indicates slime-producing Staphylococcus epidermidis (ATCC 
35983); SP-2, non-slime-producing S epidermidis (ATCC 35982). 

+P<.005 vs sonication culture (x? with Yates correction). 

+P<.01 vs sonication culture (x? with Yates’ correction). 

§RP-12 strains isolated from two (50%) of four cultures. 

No SP-2 strains isolated. 











Surface Biofilm Disruption—Tollefson et al 39 


Sp ae at ee 





| 
a 
| 


a 


4239 pis- aai ea 


RESULTS 


At the time of graft excision, all canine aortic grafts were 
well incorpcrated with the surrounding retroperitoneal 
tissue; there was no evidence of perigraft inflammation or 
fluid, retroperitoneal abscess, or anastomotic pseudoaneu- 
rysm formation. No study animal developed an abdominal 
wound infection. All blood cultures taken at the time of 
graft implantation and excision were negative. 


Microbiologic Studies 


Microorganisms were isolated from 19 (73%) of 26 canine 
aortic interposition grafts inoculated with either slime- or 
non-slime-producing strains of S epidermidis. Microorga- 
nisms were identified growing from the graft specimens be- 
tween two and eight days (mean, four days) after culturing. 
The 25 bacterial strains recovered from the canine aortic 
grafts included S epidermidis (eight cases); other coagu- 
lase-negative staphylococci (five cases); Corynebacterium 
(three cases); Clostridia species (three cases); Streptococ- 
cus species (three cases), Propionibacterium species (two 
cases); and #scherichia coli (one case). As shown in Table if 
the recovery of micreorganisms from both the contaminated 
canine graf-s and the clinical grafts was influenced by the 
culture technique. Sonication of the graft specimens signifi- 
cantly increased the incidence of positive cultures compared 
with broth culture of the graft material (P<.01) or swab 


culture of the graft surface (P<.005). The bacterial strains 
recovered also varied with the culture technique. Broth and 
sonication culture isolates were identical in four (33%) of 12 
canine grafts. Similarly, agar plate and broth culture re- 
sults greed in one of three instances. Seven (27%) of 26 
canine grafts were sterile by all three culture methods. In 
contrast, all broth cultures of sonicated grafts from patients 
with anastomotie pseudoaneurysms were positive, and 
S epiaermidis was the only organism isolated. As in the 
canine model, positive culture of disrupted biofilm (effluent 
of soricated graft) always recovered only one bacterial 
strain 

The incidence of a positive graft culture was similar 
(P>.05) in canine grafts contaminated with either slime- 
produzing (9/14 [64%]) or non-slime-producing (10/12 [83%]) 
S epicermidis strains. Similarly, there was no statistical 
difference in the incidences of microorganism recovery from 
implanted contaminated knitted Dacron grafts (12/15 [80%]) 
compered with PTFE grafts (7/11 [64%)]). 

Microcolonies were identified on the surface of three of 26 
canine grafts by SEM, and all had biofilm cultures positive 
for S epidermidis. Of interest, the microcolonies were 
observed only on the luminal graft surface, even though the 
extermal graft surface had received the contaminating 
inoculum of S epidermidis. This finding may relate to the 
difficulty in examining the external surface of explanted 
grafts for microcolonies. Scanning electron microscopy 


Fig 1.—Composite scanning electron micrograph of polytef (polytetrafluoroethylene) canine aortic graft specimen contami- 
nated with slime-producing Staphylococcus epidermidis after implantation. Top and bottom left, Luminal graft surface biofilm 
with adherent, coalesced microcolonies of staphylococci. Area delineated by inset is shown at higher magnification in top left. 
Top right and bottom right, Graft surface after sonication, devoid of surface biofilm and adherent microcolonies. Isolated 
Staphylococcal organisms are seen (bars indicate 3 um). 
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documented she effectiveness of ultrasonic oscillation in 
disrupting the bacteria-laden surface biofilm of grafts with 
positive cultures (Fig 1). Following the sonication process, 
few bacteria were visible on the surface of the graft 
material. On one of five clinical grafts examined by SEM, 
microcolonies morphologically consistent with S epider- 
midis were d2monstrated. 

Evidence o disruption of a bacterial-laden surface biofilm 
by sonicatior was evident by analysis of S epidermidis 
recovery rela-ive to culture technique. Sonication increased 
the recovery 3f 3 epidermidis from both canine and clinical 
graft specimens(Table 1). In only two canine grafts was the 
microorganism recovered identical to the inoculating bacte- 
rial strain; ir beth of these instances the recovered micro- 
organism was the slime-producing S epidermidis study 
strain. Of note, 5 epidermidis was isolated from 15 cultures 
of the sonicatior effluent but from only four cultures of the 
graft material after sonication; this indicates disruption and 
removal of both the graft biofilm and enclosed microcelonies 
by the sonication process. Staphylococcus epidermidis was 
recovered wrh equal frequency from canine grafts inocu- 
lated with either slime- or non-slime-producing S epider- 
midis. The incicence of slime production was 75% (6/8) for 
the S epidermidis strains isolated from the canine aortic 
grafts and 71% (5/7) for those isolated from the clinical graft 
specimens. 


Cefazoiin Tissue and Serum Concentrations 


Table 2 shews the aorta, omentum, and serum concentra- 
tions of cefazolin sodium measured in the study animals and 
the ratio of antibiotic level to MIC of the S epidermidis 
strains used to inoculate the canine grafts. The ratio of 
antibiotic tissue concentration to MIC was greater than 10 
in both aortaarm serum. A ratio of 10 or more is considered 
therapeuticaly effective.” 


COMMENT 


The adhesmn of bacteria to the prosthetic surface and the 
formation of mcrocolonies are fundamental steps in the 
pathogenesis of vascular graft infection. This study demon- 
strated that microorganisms frequently can be isolated 
from implanced vascular grafts and that microorganism 


recovery was influenced by culture technique. Overall, S 
epidermidis was the most common bacterial species iso- 
lated from the canine grafts, and it was frequently re- 
covered only from culture of the disrupted surface biofilm. 
The low incidence (2/26 [8%]) of recovery of the inoculated S 
epidermidis strains can be attributed to the effective anti- 
biotic prophylaxis in our animal model, the low virulence of 
the inoculating bacteria, or the small number of micro- 
organisms used to contaminate the external graft surface. 
The recovery of other low-virulence bacteria could reflect 
contamination or the increased sensitivity of the culture 
technique used. Sonication increased recovery of micro- 
organisms from both the canine and the clinical graft 
specimens. The additional bacterial strains recovered by 
sonication in the canine model were identical to those 
isolated from broth culture in only four (33%) of 12 grafts. 
This finding indicates that the sonication process liberated 
or removed enmeshed bacteria from the vascular prosthetic 
surface that were not otherwise available for recovery by 
routine culture methods. 

Despite the variety of bacterial strains recovered from 
the canine grafts, culture of both canine and clinical grafts 
after sonication yielded a single bacterial species in all 
cases. Staphylococcus epidermidis was the only micro- 
organism isolated from 15 (58%) of 26 canine grafts and 
seven (100%) of seven grafts from patients with femoral 
anastomotic pseudoaneurysms. The isolation of a single 
bacterial strain from a graft biofilm correlates with the 
mechanism of adherence-mediated growth on prosthetic 
surfaces." The absence of clinical signs of infection involv- 
ing the canine grafts and the long interval (mean, 9.9 years) 
after the original implantation of the clinical graft spec- 
imens suggest that symptomatic infection and graft sepsis 
are not the only sequelae of graft colonization and that 


Table 2.—Serum and Tissue Concentrations 
of Cefazolin (n= 26) 


Serum, mg/L Aorta Wall, g/g Omentum, ug/g 


Mean + SD 49.4+ 15.4 25.7 +9.4 
TC/MIC* 24.7 12.9 


*TC/MIC indicates tissue concentration/minimum inhibitory concentration 
of Staphylococcus epidermidis study strains (2 mg/L). 


Fig 2—~_eft, Schematic drawing of adherent bacterial microcolonies forming biofilm on prosthetic surface. Right, 
Mechanisms of surface biofilm disruption by ultrasonic oscillation that liberates microorganisms for recovery by broth 


cultue. 
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certain bacterial strains may produce no significant patho- 
genic effect or may do so only after a prolonged interval of 
biofilm growth. 

The increased recovery of microorganisms after sonica- 
tion was due to disruption of the surface biofilm in which the 
viable microorganisms were encased (Fig 2). Failure to 
disrupt the biofilm can result in falsely sterile cultures or 
the recovery of a contaminant and not the primary infecting 
organism. The finding of bacteria only on the intraluminal 
surface of the canine graft likely reflects the low sensitivity 
of SEM in demonstrating small numbers of bacteria on 
explanted vascular prosthesis surfaces, rather than a true 
distribution of colonization. Accurate identification of bac- 
teria in surface biofilms is important not only for the 
selection of appropriate antibiotic therapy but also to 
improve our understanding of the pathogenesis of vascular 
graft infection.” 

The production of the exopolysaccharide slime by some 
strains of S epidermidis may be an important virulence 
factor in their association with late-appearing graft infec- 
tion. We previously documented S epidermidis by broth 
culture in 57% of late aortofemoral graft infections. In this 
study, culture of graft material excised during femoral 
pseudoaneurysm repair using an identical method was 
positive in three (43%) of seven grafts, but when the graft 
biofilm was disrupted, S epidermidis was recovered from all 
the grafts and 71% of the strains demonstrated slime 
production in vitro. Similarly, for the canine grafts, 75% of 
the S epidermidis strains recovered were slime producing. 
The implications of these data are that slime-producing 
strains of S epidermidis are the prevalent organisms col- 
onizing implanted vascular prostheses, and anastomotic 
pseudoaneurysm formation may be related to an indolent 
graft surface biofilm infection by S epidermidis. The finding 
that not all S epidermidis strains produced slime suggests 
that additienal factors are important in graft colonization 
and biofilm formation. 

In the canine model, intravenous cefazolin prophylaxis 
produced therapeutic antibiotic concentrations to the con- 





taminating S epidermidis strains in serum and the aorta 
wall ut not in omentum. No canine graft developed clinical 
signs of infection, and the inoculated S epidermidis strains 
were recovered from only 8% of grafts. These results 
confirm that antibiotic prophylaxis and sterile technique 
are beneficial in the avoidance of early graft infection but 
that perioperative antibiotic administration may not pre- 
vent the formation of bacteria-laden biofilms. Bacteria may 
survive in adjacent tissue without therapeutic antibiotic 
concentration, or the prostheses can be contaminated with 
bacteria after the period of antibiotic administration. It is 
not cear which antibiotic provides the “best prophylaxis” or 
what duration of antibiotic therapy is necessary to prevent 
graft biofilm formation due to organisms such as S epider- 
midis. No S epidermidis strain isolated in this study was 
resiszant to cefazolin. 

Th2 prevention of bacterial adhesion to and growth on 
prosthetic surfaces needs to remain the primary strategy of 
infec-ion prophylaxis, because once a surface biofilm has 
formed, the enclosed bacteria are demonstrably resistant to 
antibiotics and host defenses.*” In the case of vascular graft 
colonization with slime-producing S epidermidis, the host 
respcnse is a chronic inflammatory response that decreases 
suture line tension strength, resulting in anastomotic pseu- 
doaneurysm formation or the formation of perigraft tracts 
that ean communicate with the skin or bowel lumen. Due to 
the refractory nature of these bacteria biofilm infections, 
and tne life- and limb-threatening complications associated 
with vascular graft infection, graft removal is frequently 
necessary. If we are to improve our understanding of the 
pathegenesis of vascular graft infection, an important step 
toward that goal is the accurate recovery of microorganisms 
from implanted prostheses suspected of being infected. 
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Discussion 


STEVE H. DouGHERTy, MD, El Paso, Tex: I think that the 
authors have shown fairly definitively that sonication of these 
explanted graft specimens significantly increases the culture 
yield. Was there any concordance or relationship between cultures 


42 Arch Surg—Vol 122, Jan 1987 


obtaimed by sonication and arterial wall cultures of the adjacent 
vesse_? Culture positivity in the adjacent artery may be a very« 
signif cant finding in and of itself. 

I aso have some questions about slime production. You re- 
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covered S epidemnidis with equal frequency from grafts inoculated 
with either slime- or non-slime-producing organisms. Slime is 
certainly a pataogenic factor in these infections, but bacterial 
adhesion may not necessarily be the primary mechanism of the 
pathogenisity. bor example, a recent article from the University of 
Virginia by Ishak and colleagues (J Clin Microbiol 1985;22:1025) 
showed that slime production by S epidermidis predicts elinical 
pathogenizity accurately but does not seem to correlate with 
adherence to plastiz. I wonder if slime production is only important 
after the arganisms have already taken up residence on the fereign- 
body surface. How many positive sonication cultures did you find 
that did not demonstrate slime formation? It appeared that about 
27% were negative for slime. Were you also able to demonstrate 
adherence of te nen-slime-producing organisms by SEM? 

My next questien has to do with the use of the API STAPH- 
IDENT system for biotyping the organisms. A number of clinical 
investigators new have found that biotyping is rather unreliable for 
clinical epidemmolegic purposes, and I wonder if this could have 
been a problem here. I was very surprised that you recovered the 
test organism anly twice from these animals despite using a fairly 
heavy inoculum. 

My last question has to do with the culture methods. Using 
standard laboratory techniques, most strains of S epidermidis, 
even methicillm-resistant ones, appear sensitive to cefazolin. 
However, there are often strains that are phenotypically resistant 
to cefazol.n anc other cephalosporins and can only be identified by 
special calture techniques, for example, the use of a heavy 
bacterialinocuum (1x 10’ organisms) and prolonged incubation at 
lower tempera-ures—so-called heteroresistance, in other words. 
It is thouzht that heteroresistance may have something to do with 
the failure of cephalosporin therapy directed against staphylococ- 
cal organisms “hat appear sensitive in vitro. Conceivably, it could 
also explain the failure of antibody prophylaxis due to infecting 
organisms tha. appear sensitive in vitro. Were any of the orga- 
nisms you usee methicillin resistant, and did you look for hetero- 
resistanee? 

Davip L. Dans, MD, Minneapolis: Does sonication disrupt the 
aggregate large colony so that you are then able to increase your 
sensitivity simply by sampling the microcolonies? In line with that, 
have you tried proteolytic digestion to look at a very similar 
method, which has worked for fibrin clot digestion and other 
similar methoes? 

JONATHAN E. Ruoaps, MD, Philadelphia: I would like te ask Dr 
Tollefson if his experiments give him any concern about using 
ultrasouad in patients who have grafts, or is the difference 
between'the intensity of the diagnostic ultrasound and that which 
he used so great 2s to make the former inconsequential? 

N. Joe, EmRENKRANZ, MD, Miami: It is rather exciting in 
determining mechanisms of infection that we may miss discovering 
the mechanisras by using more simple techniques. 
| My first question regards the indicated difference between the 
inoculated and the recovered strains. It was not clear to me 
whether the authors believed that these were adaptive changes in 
the organisms or whether they were new organisms that had 
seeded tne site amd not the one that was inoculated. 

Second, wita regard to the biofilm attachment, do we have any 
insight imto the mechanism? For example, what do we know about 
the electrical «harge on the surface of the plastics that were used 
and the electrcal charges on the S epidermidis? 

Third, it is wellknown that with noncandidal fungus endocarditis 
on prostietic valves it is extremely rare, virtually impossible, to 
recover the organisms from the blood. Would the authors consider 
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looking at aspergilli with the same model to see if similar results 
might be obtained without the production of the slime? 

Louis Martin, MD, Hershey, Pa: Dr Bandyk and I have talked 
often about how to produce a model that reproduces an S epider- 
midis graft infection. 

In our model, when we soaked the grafts to obtain a high rate of 
S epidermidis infection we saw a lot of Staphylococcus aureus. | 
wondered whether S awreus also was a predominant organism in 
your cultures. 

The other thing you specifically mentioned was that you com- 
pared two different grafts that were implanted, but we did not see 
that information. When we use in vitro techniques, Teflon, which is 
more electronegative, does not allow bacteria to attach nearly as 
frequently as does Dacron. Did you see similar clinical results? 

Finally, I think that all of us who have looked at this whole idea of 
slime and nonslime have to begin to look at other mechanisms; 
although it is involved in pathogenicity, as you clearly showed, it is 
not exclusively what puts S epidermidis onto a graft permanently. 
Are you looking at any other definitions of pathogenicity? 

We often worry about how artificial organs and biomechanical 
devices that are implanted are going to affect the host response. 
Did you measure any parameters to define your patients’ immune 
status or their response to antigens? 

Caro. L. WELLS, MD, Minneapolis: First, if staphylococci 
were recovered only a percentage of the time, what were the 
identities of some of the other organisms that were recovered but 
not mentioned? Second, how did you test for slime? Many in- 
vestigators believe that slime is produced by all isolates of coag- 
ulase-negative staphylococci but that this is not always docu- 
mented because our current laboratory test is relatively crude. 

Dr ToLLEFson: In response to Dr Dougherty’s comments, we 
did not examine the arterial wall adjacent to the prosthetic graft. 
Our culture data refer only to the implanted vascular prostheses. 
We are aware of reports documenting the recovery of micro- 
organisms from diseased arterial walls, such as aortic aneurysm 
thrombus and carotid bifurcation atherosclerotic plaques. The 
colonization of the arterial wall was not studied in our canine 
model, 

Slime production is a factor in bacterial adhesion to prosthetic 
material. From a prior in vitro study (Arch Surg 1986;121:89-95) 
that compared the adhesion of slime- and non-slime-producing 
S epidermidis, we found an increased adhesion of those bacteria 
that make slime. Slime production is also a factor in the micro- 
organism’s ability to avoid the host defense mechanisms after 
becoming adherent and may account for the difficulty in micro- 
organism recovery using routine culture techniques. In this study, 
we utilized the API STAPH-IDENT system and the ability of the 
bacteria to produce slime to identify the S epidermidis strains. 

Regarding Dr Dunn’s question on the effects of sonication, we 
believe that our electron microscopic and culture results demon- 
strate that the increased recovery of the microorganisms is due to 
surface biofilm disruption. The microorganisms recovered were 
those inoculated at the time of operation or bacteria that colonized 
the graft during either graft implantation or excision. Other 
methods to increase bacterial recovery were not evaluated. 

In response to Drs Martin and Wells, no S aureus was isolated 
from any of the prosthetic grafts. The predominant microorganism 
cultured was S epidermidis. Other coagulase-negative Staphylo- 
coccus strains, Corynebacterium species, and Streptococcus spe- 
cies were also recovered. Escherichia coli was isolated fram one 
graft. We found no difference between the Dacron and the PTFE 
graft material in their ability to become colonized. 
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Biliary Bacteria, Antibiotic Use, and 
Wound Infection in Surgery of the 
Gallbladder and Common Bile Duct 


Ronald T. Lewis, MB, FRCS(C); R. Graydon Goodall, MD, FRCS(C); Breen Marien, MD, FRCS(C); 
Myung Park, MD, FRCS(C); Walter Lloyd-Smith, MD, FRCS(C); Frederick M. Wiegand, MD, FRCS(C) 


è That clinical risk groups predict postoperative infection in 
biliary operations has recently been challenged. To reevaluate 
the risk of infection, we studied 215 patients stratified by 
clinical risk factors. Of 100 patients having simple “low-risk” 
cholecystectomy, 11 had positive bile cultures (90% pure), and 
one with sterile bile got a staphylococcal wound infection (WI). 
Among 92 “high-risk” patients with acute cholecystitis, ob- 
structive jaundice, or choledochal stones, 42 had positive bile 
cultures (44% pure, 12% anaerobes). One of 52 patients who 
received preoperative cefazolin got a staphylococcal WI, but 
ten of 40 patients without antibiotic therapy developed Wis, 
nine caused by organisms that also grew from the bile. Of 23 
patients with obstructive cholangitis, 22 had positive bile 
cultures (88% mixed, 23% anaerobes). Despite antibiotic ther- 
apy, four ceveloped Wis caused by these organisms. The 
concept of clinical risk factors is validated. 

(Arch Surg 1987;122:44-47) 


<p performing biliary operations generally believe 
that bacteria in the bile are the main source of postop- 
erative surgical infection.’® Some ** have identified clinical 
risk factors associated with bacterial contamination of the 
bile and with a high risk of postoperative infection. They 
advocate selective perioperative antibiotic prophylaxis for 
patients with these factors—“high-risk” patients.’ In pa- 
tients without these risk factors—“low-risk” patients’— 
other surgeons” report wound infection rates of 10% to 15% 
when antibiotics are not given for elective cholecystectomy. 
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These authors consider the risk factor analysis ineffective 
and favor routine antibiotic prophylaxis. 

The actual risks may be determined by studying the bac- 
teriologic features of the bile and of postoperative infections 
in patients undergoing biliary operations. This has been 
done repeatedly, but the results are confusing because 
many studies were retrospective”” or unstratified. =° We 
therefore performed a prospective study to reevaluate the 
risk ef postoperative infection in low-risk patients having 
simple cholecystectomy, in high-risk patients undergoing 
cholecystectomy or exploration of the common bile duc 
and in patients having surgical procedures for obstructive 
cholangitis. 


PATIENTS AND METHODS 


Of the 230 patients studied, 105 were high-risk patients, with 
acute cholecystitis, common bile duct stones, or obstructive jaun- 
dice. Acute cholecystitis was diagnosed by clinical findings. The 
diagnesis was usually confirmed by abdominal ultrasound ex- 
amination and by demonstrating cystic duct obstruction with 
technetium Te 99m lidofenin scans. After obtaining informed 
consent, we assigned the high-risk patients randomly by sealed 
envelope technique to receive intravenous cefazolin sodium, 2 g, or 
an identically labeled placebo immediately prior to surgery. We 


Table 1.—Demographic Data in 215 Patients Studied 


Group 
SC 
Low-Risk High-Risk Cholangitis 
Total No. 100 92 23 
Age, y (mean + SEM) 48+16 64+14 74+9 
No. (%) >69 y old 10 (10) 34 (37) 18 (78) a 
Sex, No. M/F 21/79 39/53 12/11 
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Group 
OOO. nn. aes sy 


Low-Risk High-Risk Cholangitis 
(n=100) (n=92) (n=23) 


Escherichia coli Di ane 16 15 
Klebsiella, Enterobacter species 2 20 17 
Streptococcus species 5 13 6 


Citrobacter, Morganella, 0 4 10 
Serratia 


*One patient with mixed isolates. 
tTwenty-two patients with mixed isolates. 
Eighteen patients with mixed isolates. 


Table 3.—Results of Bile Culture by Patient Group 


Group 
—- T—_’ ere 


Low-Risk High-Risk Cholangitis 
(n=100) (n=92) (n=23) 
Positive culture, No. (%) 11 (11) 39 (42) 22 (96) 


Average No. of isolates/specimen 
(% pure isolates) 1 (91) 1.5 (44) 3 (18) 


Anaerobic bacteria, No. (%) 1 (1) 9 (12) 9 (23) 
Sensitive toampicillin, % 73 51 26 


Sensitive to first-generation 
cephalosporins, % 91 69 48 


Table 4—Results of Bile Culture According to Age and 
Patient Group 


No. of Positive Bile 
Cultures/Total No. of 
Patients 


Age <70y Age =70 y 





reported on some of these patients previously.” Six patients who 
received cefazolin and seven given the placebo were excluded from 
the present study because the clinical diagnosis of acute cho- 
lecystitis was not confirmed by operative and pathologic findings. 
One hundred low-risk patients underwent simple cholecystectomy 
for chronic cholecystitis and cholelithiasis. None received antibiot- 
ics prior to surgery. Twenty-five patients presenting with fever, 
jaundice, and abdominal pain were diagnosed as having obstructive 
cholangitis. Blood samples were obtained for blood culture, and the 
patients were treated with systemic antibiotics (either tobramycin 
-and ampicillin sodium or cefoxitin sodium) by intravenous route. 
Two patients on whom endoscopic papillotomy was performed were 
excluded from this report. The remainder underwent choledochot- 
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Fig 1.—Percentage of positive bile cultures vs age. Number in each 
column is total number of patients in that decade. In patients over 
age 70 years, 67% of bile cultures were positive. 


omy and, when necessary, cholecystectomy. 

At operation, cultures were obtained of bile from the gallbladder 
or common duct. After surgery the patients were followed up by 
Infectim Control personnel. A wound infection was diagnosed 
when pus drained from the wound, and a sample of the pus was then 
sent for culture. Wounds that were indurated, reddened, or tender 
were followed up until these conditions resolved or drainage 
occurred. A further report was obtained one month pestopera- 
tively from the patient’s physician. 

Statistical evaluation was carried out where indicated by x? 
analysis with Yates’ correction. 


RESULTS 


Data from 215 patients were evaluated. No patient ex- 
cluded from final evaluation developed a wound infection. 
Table 1 shows demographic data on the three groups. High- 
risk patients were an average of 16 years older than the low- 
risk group, and those with obstructive cholangitis were an 
additional ten years older. 

Positive bile cultures were found in 72 patients. In these 
patients, coliforms (61%) were the commonest bacteria in 
the bile, followed by streptococci (16%) and staphylococci 
(6%) (Table 2). Table 3 shows that positive bile cultures were 
found in only 11% of low-risk patients. These isolates were 
usually pure, aerobic, and sensitive to ampicillin and first- 
generation cephalosporins. In high-risk patients and those 
with obstructive cholangitis, bile cultures were positive 
more frequently. Bacterial growth was often mixed; only 
18% of isolates in obstructive cholangitis were pure cul- 
tures, and more organisms were resistant to ampicillin and 
first-generation cephalosporins. Moreover, in these groups 
anaerobes were more common, but clostridia were the main 
anaerobic bacteria; Bacteroides fragilis occurred in only 
three specimens in the high-risk group and in two patients 
with cholangitis. 

Figure 1 shows the percentage of positive bile cultures in 
relation to the age of patients in successive decades. Posi- 
tive cultures were obtained in 67% of patients over age 70 
years but in only 20% of younger patients (P<.0001). Table 4 
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Fig 2.—Efficacy of cefazolin sodium vs status of bile culture. 
Number above each column is total number of patients in that group. 
Cefazolin caused significant reduction in rate of wound infections 
when bile culture was positive (P =.02) but not when culture was 
negative (P=.13). 


% of Wound Infections 


confirms that in the individual risk groups, bile cultures 
were also more often positive in patients over age 70 years 
than in the younger patients. 

Positive bile cultures were associated with bacteremia by 
the same organism in 18 patients with obstructive cho- 
langitis but in only two patients in the high-risk group. 

Table 5 lists wound infection rates in each risk group. In 
the low-risk group the single wound infection occurred in a 
patient with sterile bile and was caused by Staphylococcus 
pyogenes. The only wound infection in the high-risk sub- 
group given preoperative cefazolin was similar. On the 
other hand, in high-risk patients who received the placebo 
before surgery and in patients with obstructive cholangitis, 
wound infections were more frequent and were caused by 
organisms found also in the bile. Figure 2 illustrates the 
efficacy of preoperative cefazolin therapy in relation to the 
results of bile culture. Intravenous cefazolin reduced the 
frequency of wound infections significantly in patients with 
positive bile culture (P = .02) but not in those with negative 
bile culture (P=.13). 


COMMENT 


A major question confronting surgeons is whether or not 
all patients having cholecystectomy should receive anti- 
biotic prophylaxis. The answer remains controversial be- 
cause of conflicting assessments of the risk of infection in 
different groups of patients. The present study addresses 
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Table 5.—Postoperative Wound Infection Rate by Group 


Group Antibiotic 
Low-risk None 
High-risk None 
Cefazolin sodium 
Cholangitis Tobramycin/ampicillin sodium or cefoxitin sodium 





No. of Wound Infections/ Corresponding 
Total No. (%) of Patients Bile Bacteria, No. 
1/700 (1) 0 
10/40 (25)* 9 
1/52 (4.7) 0 
4/23 (17.4) 4 


this problem by examining these groups prospectively. 

The overall incidence of positive bile cultures, 33% of the 
patients studied, is in keeping with previous reports.” In 
low-risk cholecystectomy, only 11% of cultures were posi- 
tive. This contrasts with the findings of Morran et al‘ but is 
similar to most other reports.*”” 

We have also confirmed that coliforms and streptococci 
are the most common pathogens in the bile and that staphy- 
lococci are found far less often. Morran et al’ recently 
repcr-ed that in low-risk patients undergoing cholecystec- 
tomy, staphylococci (particularly Staphylococcus albus) 
compesed 25% of organisms that grew from the bile. They 
imp ied that these organisms were the source of the sta- 
phy ozoccal wound infections that developed in seven of 81 
patients managed without antibiotic prophylaxis. Simi- 
larly, in Robson and eoworker’s report,’ staphylococci were 
the most common biliary pathogens and caused most of the 
ten wound infections that occurred in 65 patients having 
choleeystectomy. But these findings are unusual. Our re- 
sults 2oncur with those of Pyrtek and Bartus, Chetlin and 
Elliott,” and Keighley,“ who found staphylococci in only 5% 
to 19% of positive bile cultures. 

In the low-risk group, the single wound infection occurred 
in a patient with sterile bile and was caused by S pyogenes. 
This is in keeping with our previous findings” and, although 
rarely mentioned specifically, is similar to most other re- 
ports."** It seems, then, that in low-risk cholecystectomy, 
bile caltures are infrequently positive and wound infections 
selcon occur. When they do, they are usually caused by 
staphylococci and are unrelated to bacteria in the bile. 

These findings are in sharp contrast to those in high-risk 
patients and in patients having biliary surgery for obstruc- 
tive cnolangitis. Ourresults confirm that bile contamination ` 
is common in these patients and is the major source of 
postcperative infection. We have shown, too, that bile 
contamination in these groups is more complex than in low- 
risk patients. Mixed cultures are more likely, and gram- 
negative bacilli are increasingly resistant to ampicillin and 
first-generation cephalosporins. Moreover, anaerobic bac- 
teria usually present in less than 1% of bile cultures, were 
found in 12% of high-risk patients and in 23% of patients 
with cholangitis. Our findings do not support those” who 
sugg2st that B fragilis is a major pathogen in acute cho- 
lecystitis and obstructive cholangitis. This organism proba- 
bly occurs more often in patients with prior biliary-intes- 
tinal anastomoses and is then responsible for an increased 
rate of postoperative infections.” In other patients, emerg- 
ing resistance of gram-negative bacilli to aminoglycoside 
antitiotics” may be a more important factor. 
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Several authors’*°" have examined age as a risk 
factor for postoperative sepsis in biliary operations. They 
have all found a higher frequency of positive bile cultures in 
patients over age 70 years than in younger patients. How- 
ever, those studies all dealt with unstratified populations of 
patients with biliary disease. Our study confirms this find- 
ing, but we also noted that our high-risk patients and those 
with cholangitis were 15 to 25 years older than our low-risk 
patients. Are there more positive bile cultures in patients 
over age 70 years merely because these patients have 
complicated biliary disease, or does advanced age itself 
imply an inereased chance of positive bile culture? We 
showed that even within individual risk groups patients 
over age 70 years had a higher frequency of positive bile 
cultures than did those below age 70 years. Thus, advanced 
age is a true risk factor. 
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Finally, we confirmed the efficacy of preoperative antibi- 
otics in reducing the rate of postoperative infection in high- 
risk patients. Careful attention to patterns of emerging 
bacterial resistance to aminoglycosides and third-genera- 
tion cephalosporins may help diminish the frequency of 
wound infections that occur despite antibiotic therapy in 
patients with cholangitis. In recurrent cholangitis in pa- 
tients with biliary-intestinal anastomoses, specific antibiot- 
ics directed against B fragilis and delayed primary closure 
of abdominal wounds should be considered. The final an- 
swer to the question of the value of routine antibiotic 
prophylaxis in low-risk cholecystectomy must await a care- 
fully stratified prospective study that takes into account the 
differences in biliary bacteriologic findings in separate risk 


groups. 
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Discussion 


RonALD L. NıcHoLs, MD, New Orleans: The prospective study 
of 215 patients by Dr Lewis and his colleagues, in my opinion, 
strengthens the stand for selective antibiotic prophylaxis for only 
high-risk patients. It also adds credence to the authoritative 
publications and committees dealing with antibiotic prophylaxis, 
which presently recommend a single dose of first-generation ceph- 
alosporin administered within 30 minutes of incision for high-risk 
elective cheleeystectomy. 

Additionally, this report stresses the relationship of older age, 
more complex biliary disease, and associated positive bile cultures 
often of a polymicrobial nature. It also stresses the frequent 
finding of more antibiotic-resistant organisms encountered in 
obstructive cholangitis. As we saw from the 100 low-risk patients 
undergoing cholecystectomy without antibiotic therapy, 11% had 
positive cultures; nevertheless, only one patient developed an 
infection, while only one (1.8%) of 52 high-risk patients given 
antibiotic prophylaxis developed infection. Of additional interest is 
the high-risk group without antibiotics who had a very high 
infection rate ef 25%. I think that we probably do not need to study 
’“those patients anymore to see if antibiotic prophylaxis is indicated. 
It is clearly indicated. 

Based on results of the present study, the authors have ques- 
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tioned whether higher positive bile cultures in the elderly occur 
haphazardly or because of more complicated biliary tract disease 
encountered in this age group. I agree that age is a probable risk 
factor. 

My only question concerns the authors’ attitude toward immedi- 
ate Gram’s stain in the bile. They talked about bile cultures. What 
about Gram’s stain in the bile? This technique was popular for a 
while, then fell into disuse, and is now used again. In 1983 there was 
a report by Murray and Bradley, which questioned the value of this 
technique in determining whether prophylactic antibiotics should 
be administered intraoperatively in low-risk patients if Gram’s 
stain is positive. These same authors have recently recommended 
nonselective use of antibiotic prophylaxis in every choleeystec- 
tomy. 

Dr Lewis: We have not used Gram’s stain specifically in biliary 
cases. We went through a period some years ago in which we 
attempted immediate Gram’s stain of subcutaneous tissues and 
compared these with culture reports, but we found that the 
technique was cumbersome; there was too long a delay in getting 
the result, and the correlation with the culture reports was 
unsatisfactory. I am uncertain whether this relates to cur tech- 
niques. 
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Role of the Macrophage in the 


Translocation of Intestinal Bacteria 


Carol L. Wells, PhD; Michael A. Maddaus, MD; Richard L. Simmons, MD 


e To clarity the role ofthe macrophage in the translocation of 
intestinal bacteria, groups (n=10) of Swiss Webster mice 
(immunocompetent) and C3H/HeJ mice (macrophage defec- 
tive) were given bacitracin/streptomycin in their drinking water 
to eliminate the majority of the intestinal microflora. These 
mice were then “monoassociated” with a streptomycin-resist- 
ant strain of€scherichia coli. Forty-eight hours later, E coli was 
present in ail animals at a concentration of 10"/g of cecum. In 
four separate experiments, E coli was recovered from 100% of 
the mesenteric lymph nodes (MLNs) of the immunocompetent 
Swiss Webster mice and from 10%, 40%, 30%, and 50% of the 
MLNs of macrophage-defective C3H/HeJ mice. Swiss Webster 
mice were then similarly monoassociated by antibiotic decon- 
tamination followed by administration of antibiotic-resistant, 
fluoresceindabeled E coli in their drinking water; cohort 
groups of mice were given fluorescein-labeled latex beads 
(1 um in diameter) in their drinking water. Two, four, and 11 days 
later, the MLNs were removed and single cell suspensions were 
analyzed in the fluorescence-activated cell sorter. The fluores- 
cein label was detected exclusively in the macrophage (es- 
terase-positive) population. These results support the hypoth- 
esis that intestinal macrophages may play a key role in the 
transport of intestinal particles (including bacteria) into extra- 
intestinal sites. 

(Arch Surg 1987;122:48-53) 


py’ advances in antimicrobial therapy, the mortality 
associated with bacteremia, including postsurgical 
sepsis, remains between 25% and 50%." This is comparable 
with the mortality reported in the preantibiotic era.*® For 
sepsis caused by gram-positive organisms, it is clear that 
the offending organisms often originate from contaminated 
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catheters,*° but many cases of gram-positive bacteremia 
and fungemia have no obvious focus of origin and are most 
likely caused by intestinal organisms. Recent studies,** 
including one from this laboratory,’ reported that gram- 
negative sepsis can originate from the patient’s own in- 
testinal flora. In addition, intestinal bacteria have been 
shown to escape the intestinal lumen and translocate into 
intra-abdominal abscesses in the presence of an intact 
intestinal epithelium.” Similarly, aortic grafts occasionally 
become colonized with intestinal bacteria despite the ab- 
sence of an obvious source of the infecting organism." 
Whereas much attention has been focused on the efficacy of 
various antibiotics in the prevention and treatment of 
complicating infections arising from enteric microflora, 
relatively few studies have attempted to define the route(s) 
and mechanism(s) by which bacteria escape the intestinal 
lumen and cause systemic and/or complicating disease. 
Recently, we proposed that the macrophage might play a 
role in the transport of intestinal particles.” Gut-associated 
macrophages can be found in the intestinal epithelium, in 
the lamina propria, and in lymphoid nodules, including 
Peyer's patches.”"* Specifically, we hypothesized that in- 
testinal bacteria could be ingested by gut macrophages, 
transported to an extraintestinal site, and then liberated by 
a dead or dying macrophage. This article presents the 
results of two experiments designed to challenge this 
hypothesis and to clarify the role of the macrophage in the 
translocation of intestinal bacteria. The first set of experi- 
ments was designed to compare the rate of translocation in 
different strains of mice, including macrophage-defective 
C3H/HeJ mice." This was done by colonizing the in- 
testinal tract with extremely high numbers of Escherichia 
coli, which results in Æ coli translocation to the mesenteric 
lymph nodes (MLNs) in 100% of Swiss Webster mice. The 
purpose of the second set of experiments was to determine if « 
orally administered particles could be detected in the 
MLNs of the treated mice. This was done by oral adminis- 
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tration of flaorescein-labeled latex beads or fluorescein- 
labeled E coli fellowed by fluorescence-activated cell sorter 
(FACS) analysis of MLN cells. 


MATERIALS AND METHODS 
Mice 


Female mice weighing 18 to 24 g were used in all experiments. 
Swiss Webster mice were obtained from a local supplier. DBA/2 
mice were obtained from the breeding colony of the Department of 
Laboratory Med cine and Pathology, University of Minnesota, 
Minneapolis. C57BL/6 mice were obtained commercially. C3H/HeJ 
mice were obtained from the breeding colony of Tony Mariani, 
PhD, University of Minnesota, Minneapolis. 


Intestinal Decontamination and 
““Moneassociation” of Mice With E coli 


According to the method of Berg,” mice were “monoassociated” 
with Æ coli C25. a streptomycin-resistant strain obtained from 
Rodney Berg. PAD, Louisiana State University Medical Center, 
Shreveport. Monoassociated animals are strictly defined as ani- 
mals colonized with only one microbial species; according to the 
protocol presented below, mice were “monoassociated” with E coli 
C25 but remained colonized with low numbers of indigenous 
bacteria. Briefly, mice were intestinally decontaminated by admin- 
istration of 2 mg’mL of bacitracin and 2 mg/mL of streptomycin 
sulfate in their drinking water for four days. Mice were then orally 
inoculated (with a feeding needle) with 0.1 mL of sterile saline 
containing approximately 10° washed cells from an overnight brain 
heart infusion breth culture of E coli C25. Mice were killed 48 hours 
later. The drinking water was supplemented with bacitracin and 
streptomycin for the duration of the experiment. 


Enumeration of Viable Bacteria in MLNs 


The MLNs were aseptically excised, homogenized in 3 mL of 
tryptic soy broth, quantitatively plated (200 uL in duplicate) onto 
tryptic soy agar with 5% sheep’s blood, and incubated for 24 to 48 
hours at 35°C. Bacteria were quantitated as the total numbers of 
viable bacteria per MLN. The lower limit of detection was seven 
organisms per MLN. Translocation rates were analyzed by the x’ 
test. 


Enumeration of Viable Cecal Bacteria 


Mice were killed by cervical dislocation. The cecum was asep- 
tically excised, weighed, and immediately transferred into an 
anaerobic chamber. The cecum was homogenized in prereduced 
Hank’s buffered salt solution supplemented with 0.05% cysteine 
hydrochloride, serially diluted in the same fluid, and plated onto 
Wilkins-Chalgrer agar, MacConkey agar, and colistin nalidixic acid 
agar. The Wilkins-Chalgren agar plates were incubated anaero- 
bically at 35°C for 48 to 72 hours and were used to enumerate the 
total numbers of strictly anaerobic bacteria. For selected groups of 
mice, ceca from animals monoassociated with # coli were plated 
onto Wilkins-Chaigren agar containing 100 mg/L of gentamicin (to 
inhibit the Æ com selectively while allowing the growth of the 
strictly anaerobic bacteria). The MacConkey agar and colistin 
nalidixic acid agar plates were incubated aerobically at 35°C for 24 
to 48 hours and were used to enumerate the facultative gram- 
negative bacilli and gram-positive bacteria, respectively. All bacte- 
rial populations were quantitated as the log, per gram (wet 
weight) of cecum. 


Bacterial Identification 


Translocating bacteria were identified by accepted techniques, 
which included biechemical testing designed to speciate facultative 
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gram-negative bacilli. Streptomycin resistance was confirmed by 
growth on tryptic soy agar containing 100 mg/L of streptomycin 
sulfate. 


Detection of Translocating Fluorescent Particles 
in MLNs 


For selected experiments, mice were monoassociated with Æ coli 
C25 as described above, but the Æ coli cells were fluorescein 
labeled. To label EF coli, washed cells from 500 mL of an overnight 
brain heart infusion broth culture were mixed with 10 mg of 
fluorescein isothiocyanate dissolved in 3.0 mL of carbonaze-bicar- 
bonate buffer,” rotated overnight at 4°C, and then extensively 
washed with sterile saline until a clear supernatant was obtained. 
This procedure resulted in loss of cell viability of approximately 
1 log,‘mL; the labeled cells were still visibly (microscopically) 
fluorescent after 11 cell generations (generation time, 22 to 26 
minutes) in tryptic soy broth incubated at 35°C. Thus, the fluores- 
cein label could be expected to persist in the intestinal tract, where 
the generation time is greatly prolonged. Fluorescein-labeled 
E coli (10°/mL) was added to the drinking water after intestinal 
decontamination with bacitracin and streptomycin for four days. 
Separate groups of mice were given fluorescein-labeled 1-~m latex 
beads in their drinking water (5 10°/mL). At various intervals, 
mice were killed and the MLNs were excised, placed in 3 mL of 
RPMI 1640, gently kneaded with a ground-glass stopper, filtered 
through nylon mesh, washed once, and resuspended in RPMI. The 
resulting single cell suspension was analyzed by an FACS. Three 
different FACS instruments were used in these experiments. 


RESULTS 
E coli Translocation 


In our laboratory, untreated Swiss Webster mice have a 
spontaneous translocation rate of 0% to 20%, ie, intestinal 
bacteria can be recovered from zero to two mice in a given 
group of ten mice. After intestinal decontamination and oral 
inoculation with streptomycin-resistant E coli C25, 100% of 
Swiss Webster mice have viable E coli C25 in the MLNs. In 
a pilot experiment, this experimentally manipulated high 
translocation rate of E coli C25 was compared in four strains 
of mice (ten mice per strain) including Swiss Webster, 
C57BL/6, DBA/2, and C3H/HeJ. Only C3H/HeJ mice had a 
decreased level of translocation into MLNs. More detailed 
experiments were then performed to confirm this observa- 
tion and to study the differences in the intestinal flora of 
C3H/HeJ mice and Swiss Webster mice. Swiss Webster 
mice were chosen because this strain had been used most 
frequently in translocation experiments in our laboratory. 

Prior to intestinal decontamination, both Swiss Webster 
and C3H/HeJ mice had similar concentrations of anaerobic 
bacteria (10° to 10°/g of cecum) and aerobic gram-positive 
bacteria (10’ to 10°/g of cecum). Swiss Webster mice nad the 
expected numbers of facultative gram-negative bacilli (10° 
to 10°/g of cecum), which appeared to be a mixed population 
of lactose-positive species, including E coli, as well as 
various unidentified lactose-negative species (Table 1). 
However, untreated C3H/HeJ mice had relatively low levels 
of enteric gram-negative bacilli (10*/g of cecum) consisting 
entirely of lactose-negative species, ie, no indigenous E coli 
was detected (Table 1). After intestinal decontamination 
and oral association with # coli C25, this organism attained 
extremely high population levels in both Swiss Webster and 
C3H/HeJ mice (Table 1). Both strains of monoassociated 
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Mouse Strain Treatment Group Cecal Weight, g* 
C3H/HeJ Control 0.3+0.1 
Treated 0.9+0.1 
Swiss Webster Control 0.2+0.1 
Treated 1.0+0.2 
*Average + SD of four mice 


tResults presented here represent one of two similar experiments. 


Table 1.—Facultative Gram-Negative Bacilli in the Cecal Flora After Intestinal Decontamination 
and Oral Association With Streptomycin-Resistant Escherichia coli C25 


Log,, Bacilli/g of Cecum* 








Remarkst 










4.0+0.3 No indigenous E coli detected 
11.0+0.5 Successful “monoassociation” with E coli C25 
6.7+1.4 Mixed flora, including indigenous E coli 
11.2+0.2 Successful “monoassociation” with E coli C25 






Table 2.—Translocating Escherichia coli in Mesenteric Lymph Nodes of Mice After 
intestinal Decontamination and Oral Association With Streptomycin-Resistant E coli C25 


Mouse Strain 
C3H/HeJ 


Treatment Group 
Control 
Treated 
Control 
Treated 100 


Experiment 1 


Swiss Webster 





% of Mice With Translocating E coli C25 (N= 10) 


Experiment 2 Experiment 3* Experiment 4* 


100 100 100 


*In these experiments. treated C3H/HeJ mice had expected cecal concentration of E cali C25 plus equal concentration of indigenous streptomycin-resistant 
Citrobacter freundii. Translocating C freundii was detected in 90% and 70% of treated C3H/HeJ mice in experiments 3 and 4, respectively. 


tP<.01 vs treated Swiss Webster mice. 


mice had a greatly reduced population of anaerobic bacteria 
(10° to 10°/g of cecum) and a low number of aerobic gram- 
positive organisms (10*/g of cecum), consisting primarily of 
fungi and Bacillus species. After monoassociation the cecal 
size increased in both C3H/HeJ and Swiss Webster mice 
(Table 1), which is typical of germ-free animals as well as 
animals with limited intestinal microflora.” It is not yet 
known if this alteration in tissue morphologic findings has 
an effect on bacterial translocation. 

Table 2 presents the translocation rates in C3H/HeJ and 
Swiss Webster mice before and after monoassociation with 
E coli C25. Untreated Swiss Webster mice had a 0% to 20% 
spontaneous rate ef translocation of indigenous E coli. 
Untreated C3H/HeJ mice had no evidence of spontaneous 
translocation of Æ coli (or any other bacterial species). All 
monoassociated Swiss Webster mice had viable translocat- 
ing E coli C25 recovered from MLNs (Table 2) in quantities 
ranging from seven to 450 organisms per MLN. In contrast, 
monoassociated C3H/HeJ mice had significantly reduced 
E coli translocation rates (Table 2) despite extremely high 
population levels of intestinal Æ coli C25 (Table 1). Esche- 
richia coli C25 was recovered from the MLNs of C3H/HeJ 
mice in quantities ranging from seven to 150 organisms per 
MLN. 

An additional observation should be added to the data 
presented in Table 2. All four experiments were similar 
with one exception. Experiments 1 and 2 were performed 
six months prior to experiments 3 and 4. In these latter two 
experiments only, monoassociated C3H/HeJ mice actually 
became “diassociated” with two streptomycin-resistant fac- 
ultative gram-negative bacilli, namely the exogenous Æ coli 
C25 and an endogenous strain of Citrobacter freundii. The 
result was a group of C3H/HeJ mice with cecal population 
levels of 10’/g of E coli as well as 10"/g of C freundii. In this 
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situation, ie, in experiments 3 and 4, 90% and 70% of mice, 
respectively, had translocating C frewndii recovered from 
MLNs in quantities ranging from seven to 900 organisms 
per MLN. This C freundii translocation is potentially 
interesting but did not appear to affect the relatively low 
rate of E coli translocation observed in C3H/HeJ mice that 
remained colonized with an extremely high population level 
of intestinal E coli. 


Detection of Labeled E coli and Latex Beads 
in MLNs of Orally Inoculated Mice 


Mice were killed at various time intervals after drinking 
water that had been supplemented with either fluorescein- 
labeled Æ coli or fluorescein-labeled latex beads. Single cell 
suspensions of MLNs were subjected to FACS analysis. As 
noted in Table 3, the fluorescein label was not detected in 
the lymphocyte population but was detected in the macro- 
phage population of treated mice. These macrophages were d 
isolated, ie, “sorted,” by the FACS and contained a high 
proportion of esterase-positive cells. (Exact quantitation 
was not possible due to the distorted nature of many of the 
cells that had been isolated by the FACS.) As noted in Table 
3, there was some variation in the degree of positivity in the 
three experiments. Each experiment was performed on a 
different FACS instrument operated by a different techni- 
cian. The varying results most likely do not reflect actual 
differences between experiments, but reflect differences in 
the relatively subjective manner in which the electronic 
windews or “gates” are set as demarcations between differ- 
ent cell populations. However, regardless of the varying 
positivity rates for the macrophage population, all of the 
results point to a similar conclusion. That is, fluorescent-+ 
partieles were found in the macrophage population but not 
the lymphocyte population of MLN cells harvested from 
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Table 3.—Fluorescein Label in Mesenteric Lymph Node Cells From Mice 
Given Fluorescein-Labeled Latex Beads or Escherichia coli 


Labeled Duration of 
Experiment Substance Administration, d 


1 E coli 2 
Beads 
Beads 
E coli 


Beads 





% Positive Cells* 
rer 


Macrophages Lymphocytes 


*Mesenteric lymph node cells from control mice consistently had less than 1% positivity in both macrophages and lymphocytes. All mesenteric lymph node 


preparations had 97% to 98% lymphocytes and 2% to 3% macraphages. 


mice given drimking water containing either live fluorescent 
E coli or inert fluorescent latex beads. 


COMMENT 


The translocation of intestinal bacteria to extraintestinal 
sites is a well-documented yet little-understood phenome- 
non. Some important facts about bacterial translocation are 
known, but many critical concepts remain unknown. We 
know that inert particles (without powers of motility) can 
translocate. ”“ Live particles, such as bacteria*” and 
yeast,” also translocate, and some particles translocate 
more easily than others. It is interesting that bacteria that 
seem to translecate most readily are classified as faeultative 
intracellular parasites, such as Salmonella®” and Lis- 
teria.” Other bacteria do translocate but do so primarily 
after an animal has undergone intestinal bacterial over- 
growth>** or an impairment in immune function. °T 
Our working hypothesis is that intestinal bacteria can be 
ingested by host cells, presumably motile phagocytes. The 
phagocytosed bacteria can then be carried to another 
location and liberated by dying or defective phagocytes. 
Thus, macrephage killing would be impaired in animals with 
reduced T-cell function, and translocation would be facili- 
tated under such conditions. This is a novel hypothesis that 
may prove to be incorrect, but it is consistent with the 
observations in the literature. 

To test the role of the macrophage in the transport of 
intestinal particles, the translocation rates of imtestinal 
E coli were compared in three strains of immunocompetent 
mice (Swiss Webster, DBA/2, and C57BL/6) and in macro- 
phage-defective C3H/HeJ mice.” All mice were intes- 
tinally decontaminated and colonized with large numbers of 
E coli, which resulted in translocation of E coli to the MLNs 
of nearly all immunocompetent mice. This observation was 
consistent with the results of Maejima et al, who used the 
Same experimental design (and the same strain ef trans- 
locating E coli) and noted 90% to 100% translocation rates in 
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ten strains of immunocompetent mice, including DBA/2 and 
C57BL/6; C3H/HeJ mice were not tested. In our experi- 
ments, C3H/HeJ mice had consistently reduced rates of 
E coli translocation despite high cecal population levels 
(10"/g¢) of E coli. The precise explanation for this decreased 
translocation rate is unclear at this time. C3H/HeJ mice are 
typically described as hyporesponsive to the lethal effects 
of endotoxin"; this hyporesponsiveness can be corrected 
after passive transfer of macrophages from histoecompati- 
ble, endotoxin-sensitive C3H/HeN mice.” Thus, C3H/HeJ 
mice are considered macrophage defective, but the exact 
nature of this defect is not defined. However, the observa- 
tion that macrophage-defective mice have an impaired 
translocation rate is consistent with the hypothesis that the 
phagocyte plays a key role in the transport of intestinal 
particles. 

To further study the role of the macrophage in the 
translocation of intestinal particles, mice were given drink- 
ing water supplemented with live fluorescent E coli or inert 
fluorescent latex beads. At various time intervals, mice 
were killed and the MLNs were excised and analyzed by an 
FACS in an attempt to detect fluorescent particles associ- 
ated with specific MLN cells. The FACS was used because 
the number of fluorescent particles (cells?) in the MLNs 
was expected to be extremely low, eg, if all viable bacteria 
were associated with macrophages, and if 100 viable bacte- 
ria were typically recovered from an MLN containing 
approximately 10’ leukocytes of which approximately 10° are 
macrophages, then one can expect approximately one of 
every 1000 macrophages to contain a fluorescent particle. In 
an MLN, it would be difficult to locate these cells by 
conventional techniques. After feeding live fluorescent Æ 
coli or inert fluorescent latex beads, the fluorescent parti- 
cles were detected exclusively in the macrophage popula- 
tion of the MLN and not in the lymphocyte population. This 
observation supports not only the theory that the macro- 
phage is involved in bacterial translocation to the MLN, but 
that inert particles as well as live bacteria can translocate. 
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The results of these studies indicate that clarifying the 
role ef the macrophage in bacterial translocation might be 
helpful in clarifying the route and/or mechanism by which 
intestinal bacteria escape the intestinal lumen and translo- 
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cate to the MLN, and from there to other otherwise sterile 
organs. 
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Discussion 


J. WESLEY ALEXANDER, MD, Cincinnati: Last year, the au- 
dience probably saw this slide, which depicts the resting metabolic 
changes that eccur in burned guinea pigs fed at different times. The 
lower line shows that the expected hypermetabolic response after 
burn injury eould be eliminated or markedly dampened by the 
early administration of the diet, that is, immediately after burn 
injury. The groups with delayed feedings received only lactated 
Ringer’s injection in the first 24 hours, and they developed 
hypermetabolism. 

As might be expected from the work of Bessey and Wilmore, the 
individual animals that had the dampened metabolic response also 
had dampening of their metabolic hormones. The jejunal mucosal 
mass was inversely related to the degree of hypermetabolism and 
the plasma cortisol levels. Feeding animals by the intravenous 
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route with a similar diet failed to dampen the hypermetabolic 
response. This led us to the conclusion that it was a failure of the 
gut mucosal barrier, which would then permit the translocation of 
bacteria or endotoxin to cross that barrier to activate complement 
and macrophages to, in turn, produce the expected hypermetabolic 
response mediated by interleukin 1 and many other things we don’t 
understand well. 

This hypothesis is further supported by rat experiments in Dr 
Spitzer's laboratory that show that endotoxin administration 
causes hypermetabolism. In our laboratory, Dr Sax, one of our 
surgical resident fellows, has shown the same thing in guinea pigs, 
and recently Dr Wilmore’s laboratory has shown that hyper- | 
metabolism can be induced in humans by the administration of 
endotoxin. 
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There are many adverse effects that occur with the intraduction 
of endotoxin, suchas activation of the complement sequence, which 
has been shown by Dr Ogle in our laboratory to markedly inhibit 
the ability af animals to clear bacteria. 

Now we hav aset of circumstances in which it has been shown 
that translocation occurs, that it may influence the immunologic 
response of arimals and cause hypermetabolism, and that under 
certain circunstances hypermetabolism can be depressed by doing 
things that wll diminish the degree of translocation. There are 
several exciting questions that arise related to these observations, 
and I thank Dr Wells for her sentinel observations, which are 
helping to dis.ect the mechanisms whereby this occurs. 

Specifically. how did you keep the label from leaching off of the 
microspheres” That has been a terrible problem in our laboratory. 
When we havegiven labeled microspheres by mouth in guinea pigs, 
k the label goes everywhere, and we see it in the lymphaties and 

>. lymph nodes with or without labeled beads on which it was 

originally stuek. We are concerned, in our interpretation of the 
data, whether some of the label has gone to second partieles. 

Second, related to translocation in the mucosal barrier itself, do 
you have evidence by electron micrographic studies, for instance, 
where this aetually occurs? Is it through channels or perhaps 
related to intraepithelial macrophages in the mucosa? 

In Dr Deitc1’s studies, it seemed to me that using the same strain 
or perhaps a similar strain in the endotoxin-resistant meuse, he 
had somewha* disparate results, inasmuch as he was able to show 
that in C3H/4eJ mice there was translocation associated with 
administration of endotoxin. This raises the question of whether 
there is anotner genetic factor related to the specific mucosal 
barrier rathe> than a macrophage-mediated translocation mecha- 
nism. In other words, could the defect be in the gut mucesal cells 
rather than ir macrophages? 

ITZHAK Brook, MD, Bethesda, Md: I have a question relating to 

is the effect of -he antibiotics on the macrophages. We know that 
there are stucies showing that aminoglycosides can reduce macro- 
phage migrateon.and killing. Could this partly explain why macro- 
phages did net completely eliminate E coli? 

Also, could*the route of the pellets be through microorganisms? 
They may first be engulfed by organisms that are present in the 
open loop, and then these organisms are actually ingested by 
macrophages 

JOHN M. KaLLUM, Jr, MD, Richmond, Va: I was struek by the 
disparity between your results and Dr Deitch’s results, in that in 
his model there was a dose-dependent translocation, which ap- 
peared to be pathologic. In your model, transloeation seems to be a 
normal phenemenon. What evidence do you have that this is a 

_ pathologic phenemenon? 

n Mare Eric LansEr, MD, Boston: The notion that translocation 
of bacteria, which as we have seen, may occur in many non- 
pathologic conditions, has now been invoked as a cause of the 
systemic “septic syndrome.” Based on the data just presented as 
well as those of previous studies, I remain unconvineed that 
translocation.of bacteria or even a “pathologic increase” in trans- 
location of baeteria is clinically significant. Do the authors have any 
clear data demonstrating that this translocation phenomenon may 
contribute tothe systemic “septic syndrome”? 

Dr WELLE First, how did we keep the label from leaching off 
the labeled Æ coti? That is the reason we used latex beads in all of 
our initial experiments. We knew that with fluorescent-labeled 
latex beads, -he fluorescein is bound in a covalent bond and the 
label does not easily come off. Also, the beads do not divide and 
dilute the label. 

We have develeped a method to label E coli with fluorescein. Iam 

f not sure how other people do it, but our method is described in our 
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report. We did preliminary in vitro experiments showing that 
labeled # coli would survive with the label, ie, you could still see 
the label visually (microscopically) after 11 generations of cell 
division. In a test tube, Æ coli divides with a generation time of 
about 20 minutes. However, in the gastrointestinal tract, I em not 
sure what the generation time is, but we speculate that it is about 
18 hours. It is extremely slow. This could be the reason that our 
label survived in the in vivo experiments. 

Concerning the label leaching off, we extensively wash the cells 
to get a erystal-clear supernatant before the E coli is used, end, to 
date, leaching of the label has not been a problem. However, this 
could have been a problem and we just did not recognize it; such a 
situation may have raised the background fluorescence that was 
detected by the cell sorter. We have not looked at that. 

Concerning the mucosal barrier, when was the first time we saw 
bacteria? I have never observed bacteria going through the muco- 
sal barrier. In the dogs, we obtained frozen sections of intestinal 
tract tissue. Their jejunal loops did not have Peyer’s patches, so I 
cannot tell you what happens there, but the first time we saw 
fluorescent latex beads was within what I call phagocytes, that is, 
they were within cells in the lamina propria. Some of these cells 
were directly under the intestinal epithelium. 

As far as the differences between our work and Dr Deitch’s work, 
I anticipated that those questions would come up. On first inspec- 
tion, it does appear that our work is contradictory. However, you 
must keep in mind that Dr Deitch was measuring spontaneous 
translocation of E coli either in untreated mice or in normal mice 
that were treated with endotoxin. It is not surprising that he did 
not see any spontaneous translocation in these untreated mice. I do 
not know what the intestinal flora of his mouse colony contained, 
but our C3H/HeJ mice contained absolutely no Æ coli in their 
intestinal tract. Escherichia coli is the organism that usually 
translocates, so I am not sure that his mouse colony corresponds to 
ours. Also, we were not measuring spontaneous translocation of an 
indigenous organism. We were measuring translocation in animals 
that were monoassociated with a high level of a foreign E coli 
(actually a clinical human isolate). I am not sure how this relates to 
the clinical situation. 

There are also many problems involved in the use of bacitracin- 
streptomycin in our animal model, specifically concerning how the 
drugs affect macrophage function. This is an excellent question. 
Ours is a model designed to study translocation because bacterial 
organisms do come out of the gastrointestinal tract, bu: what 
actually happens is that the model does other things to the animal 
as we study translocation. For example, bacitracin-streptomycin 
increases the cecal size about tenfold. We are now looking at the 
histologic findings of the cecum. Could the ceeum have increased 
permeability? These animals look morphologically like germ-free 
animals with a greatly enlarged cecum. 

Why is all this important clinically since we are doing animal 
studies? Over and over again, we have documented clinical evi- 
dence of translocation by correlating fecal cultures of bacteria with 
eventual septic episodes. The latest study of this was done by a 
French group,” in which they analyzed approximately 5000 quan- 
titative fecal cultures over a five-year period and correlated the 
gram-negative rods with a great degree of sophistication with the 
eventual gram-negative rod that caused the episodes of bacteremia 
in leukepenic patients. There are other reports on this topic, but 
this one is really the best. 

I think it has been fairly well shown that gram-negative rods 
translocate. Anaerobes do not typically translocate. I think that 
the story on Staphylococcus epidermidis is unfinished and that 
many infections are probably due to external skin contamination. 
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The following is a brief summary only. Before 
prescribing, see cemplete prescribing information in 
TYLOX* labeling. 

CONTRAINDICATIONS: TYLOX capsules should not be 
administered to patients who nave previously exhibited 
hypersensitivity to any comporent. 

WARNINGS: TYLOX capsules centain sodium metabisultite, 
a Sulfite that may cause allergic-type “eactions (e.g., hives, 
itching, wheezing, anaphyiaxis) in certain susceptible 
persons. Although the overall prevalence of sulfite sensitivity 
in the general popunation is probably ow, 1t is seen more 
frequently in asthmatics or in atopic nonasthmatic persons 
PRECAUTIONS: General: Head Injury and Increased 
Intracranial Pressure; Tne respiratory depressant effects of 
narcotics and their capacity to elevate cerebrospinal fluid 
pressure may be markedly exaggerated in the presence of 
nead injury, other intracranial lesions, or a ore-existing 
increase in intracranial pressure. Furtnermore, narcotics 
produce adverse reactions which may obscure the clinical 
course of patients with head inuisies. Acute Abdominal 
Conditions: The administration of TYLOX capsules or other 
narcotics may obscure the diagnosis or clinical course in 
Datients with acute abdominal conditions. 

Special Risk Patients: TYLOX capsules should be given with 
caution to certain patients such as the elderly or debilitated, 
and those with severe impairment of hepatic or renal 
function, hypothyroidism, Addison's cisease, and prostatic 
hypertrophy or urethral stricture. 

information for Patients: Oxycodone may impair the 
mental and/or physical abilities required for the performance 
of potentially hazardous tasks such as driving a car or 
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operating machinery. The patient using TYLCX capsules 
should be cautioned accordingly. 

Drug Interactions: Patients receiving other rarcotic 
analgesics, antipsychotics, anti-anxiety ageres, or other 
CNS depressants, including alcohol, concomitantly with 
TYLOX capsules, may exhibit additive CNS depression due 
to the oxycodone component. When such combined 
therapy is contemplated, the dose of one or both agents 
should be reduced. The use of MAO inhibitoss or tricyclic 
antidepressants with oxycodone preparation: may increase 
the effect of either the antidepressant or oxycodone. Tne 
concurrent use of anticholinergics with oxyccaione may 
produce paralytic ileus 

Usage in Pregnancy: Pregnancy Category C Animal 
reproductive studies have not been conducted with 

TYLOX. It is also not known whether TYWOX can cause 
fetal harm when administered to a pregnant woman or 

can affect reproductive capacity. TYLOX snoald not be 
given to a pregnant woman unless in the judgment of the 
physician, the potential benefits outweigh the possible 
hazards 

Nonteratogenic Effects: Use of narcotics Guring pregnancy 
may produce physical dependence in the neonate. 

Labor and Delivery: As with all narcotics, acninistration of 
TYLOX to the mother shortly before delivery may result in 
some degree of respiratory depression in thesnewborn and 
the mother, especially if higher doses are used 

Nursing Mothers: It is not known whether the components 
of this drug are excreted in human milk. Because many 
drugs are excreted in human milk, caution:should be 


exercised when TYLOX is administered to a rursing woman. 


Pediatric Use: TYLOX capsules should not be acminis- 
tered to children 

ADVERSE REACTIONS: The most frequently observed 
adverse reactions include lightheadedness, dizziness, 
sedation, nausea, and vomiting. These effects seem to be 
more prominent in ambulatory patients than in non-ambula- 
tory patients, and some of these adverse reactions may be 
alleviated if the patient lies down. Other adverse reactions 
include allergic reactions, euphoria, dysphoria, constipation, 
skin rash, and pruritus. At higher doses oxycodone has 
most of the disadvantages of morphine including respiratory 
depression. 

DRUG ABUSE AND DEPENDENCE: 1 YLOX capsules 

are a Schedule II controlled substance. Oxycodone can 
produce drug dependence of the morphine type and, 
therefore, has the potential for being abused. Psychic 
dependence, physical dependence, and tolerance may 
develop upon repeated administration of TYLOX capsules, 
and they should be prescribed and administered with the 
same degree of caution appropriate to the use of other oral 
narcotic-containing medications. 

Full directions for use should be read before administer- 
ing or prescribing. 

For information on symptoms and treatment of overdos- 
age, see full prescribing information. 9/19/86 
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Effect of Blood Transfusions on 


Immune Function 


III. Alterations in Macrophage Arachidonic Acid Metabolism 


J. Paul Waymack, MD; Lois Gallon; Uno Barcelli, MD; 
Orrawin Trocki, MS, RD; J. Wesley Alexander, MD, ScD 


è Blood transfusions have been shown to prevent allograft 
rejection, to increase the rate of tumor growth, and to increase 
susceptibility to infectious complications. We evaluated the 
mechanism of this immunosuppression by studying the effect 
of transfusions on macrophage function in a Lewis rat model. 
Allogeneic transfusions were found to decrease macrophage 
migration imresponse to inflammatory stimuli and to increase 
their production of the strongly immunosuppressive arach- 
idonic acid metabolite prostaglandin E. Syngeneic transfu- 
sions did not alter macrophage migration or arachidonic acid 
metabolism. The immunosuppression seen following transfu- 
sions appears to be related to an increased synthesis of 
prostaglandin E. 

(Arch Surg 1987;122:56-60) 


urgical patients frequently require blood transfusions 
because of excessive blood losses from trauma or 
operative procedures, or from chronic losses such as that 
resulting from gastrointestinal tract lesions. Transfusions 
may also be required preoperatively to correct preexisting 
anemia resulting from insufficient dietary intake of nutri- 
ents required for red blood cell production or inadequate 
production secondary to the underlying disease process. 
The effect of such transfusions on immune function and 
resistance to infectious complications has not been exten- 
sively investigated. Blood transfusions have been shown in 
transplant recipients to decrease the frequency and sever- 
ity of immunologic rejection of the transplanted organ.” 
Transfusions have also been shown to enhance tumor 
growth in an animal study’ and in retrospective studies of 
human colon cancer,‘ lung cancer,’ and breast cancer.’ These 
studies indicate that blood transfusions may exert a gener- 
alized immunosuppressive effect that not only diminishes 
allograft rejection and allows enhanced tumor growth but 
may also inerease susceptibility to infectious complications. 
We previously doeumented that transfusions with 
allogeneic blood in rats diminishes cell-mediated immunity 
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as measured by contact sensitization to the hapten 
dinitrofluorobenzene.’ We also showed that blood transfu- 
sions with allogeneic blood increased the mortalities in 
burned rats challenged with Pseudomonas aeruginosa 
1244. This effect was not seen when transfusions with 
syngeneic blood were used.'* 

Prostaglandins are a group of metabolites of arachidonic 
acid that have been shown to exert effects on multiple 
compenents of the immune system.”” Many of the metabo- 
lites are produced primarily by the monocyte-macrophage 
cell line. Some of the metabolites can produce immu- 
nostimulation, while others, such as prostaglandin E 
(PGE), can produce a profound immunosuppression. We 
investigated the effect of transfusions on the production of 
these metabolites by cultured macrophages to determine if 
the immunosuppression following transfusions was due to 
altered rates of synthesis of these immunomodulatory sub- 
stances. 


MATERIALS AND METHODS 
Animals 


Eighty adult male Lewis rats weighing 200 to 250 g were used as 
the transfusion recipients. Adult male Buffalo (BUF) rats, 
A’Sogaloff Cancer Institute (ACI) rats, and additional male Lewis 
rats were used as the blood donors. All rats were kept in stainless- 
steel hanging cages and were given food and water ad libitum 
throughout the experiment. 


Blood Transfusions 


Bloed was obtained from donor animals by vena caval puncture 
through a laparotomy incision and was mixed with standard 
citrate-phosphate-dextrose anticoagulant solution at a 4:1 volume 
ratio. The blood was stored for 24 hours at 4°C prior to infusion. 
Twenty Lewis rats received a 1-mL transfusion with Lewis rat 
blood, 20 were given an infusion of 1 mL of BUF rat blood, 20 
received a l-mL transfusion with ACI rat blood, and 20 control 
Lewis rats were given 3 mL of lactated Ringer's solution. We used 
3 mL of lactated Ringer’s solution to approximate the change in 
intravascular volume associated with a 1-mL blood transfusion. 


Macrophage Harvesting 


Four days after transfusion, the peritoneal cavity of each animal 


was infused with 3 mL of sterile brain-heart infusate. Eight days ` 


after transfusion, the animals were killed by cardiac air embolus. 


Immune Function—Waymack et al 


» 


Their peritoneal cavities were lavaged with Hank’s balanced salt 
solution withoat magnesium or calcium and with 5mM edetic acid. 
The cell suspersiens were hypotonically lysed of contaminating red 
blood ceils ard washed three times with Hank’s balanced salt 
solution with magnesium and calcium and without edetic acid. The 
number of macrephages present in each suspension was then 
determined using an automated cell counter. Each cell suspension 
was centrifuged and resuspended in sufficient M-199 medium, with 
penicillin, streptemycin, and 7.5% fetal calf serum, to achieve a 
final concentratien of 1x 10° macrophages per milliliter. A 1-mL 
aliquot of eachssuspension was cultured in plastic flat-bottom tissue 
culture plates They were incubated at 37°C in 5% carbon dioxide 
for one hour, a terwhich time the culture medium was removed and 
replaced with fresh M-199 medium to remove any nonadherent 
cells. The suspensions were then cultured for 24 hours, after which 
the entire meGum was removed and frozen at — 70°C until the sam- 
ples could be ussayed. 


Radioimmunoassays 


The levels cof the arachidonic acid metabolites PGE, thrombox- 
ane (TBX), the stable prostacyclin (PGI) metabolite prostaglandin 
F (PGF,,). Eukotriene B (LB), and leukotriene C (LC) were 
determined using standard radioimmunoassay kits. Briefly, for 
each metabol&e a standard curve was obtained by assaying with 
known amounes ef a standard of the metabolite. The macrophage 
tissue culture suspensions were then assayed for and plotted on the 
standard curves. Duplicates were run on all samples. 


Statisical Analysis 


All data were analyzed on a portable computer to determine 
means, SEMs, and statistical significance by Student’s t test and 
by analysis of variance (ANOVA). 


RESULTS 


Those animals that received only lactated Ringer's solu- 
tion had 9.%+ 1.0 x 10° macrophages per peritoneal cavity. 
Lewis rats taat received Lewis rat blood had 10.6 +1.2 x 10° 
macrophages per animal, which was not significantly differ- 
ent from the control animals. In contrast, those animals 
receiving bleod from ACI rats had only 7.2+0.9 x 10° mac- 
rophages (P<.05 vs control), and there were 7.1+0.4 x 10° 
cells in the rats transfused with BUF rat blood (P<.03 vs 
control). These results were not statistically significant 
when analyzed by ANOVA. 

The control animals produced 740+ 89 pg of PGE per 10° 
macrophages (Fig 1). Transfusion with Lewis rat blood 
resulted in a slight but nonsignificant increase in PGE 
production, to 1044 + 213 pg/10° cells. Lewis rats transfused 
with ACI rat blood synthe-sized 1754+ 3538 pg of PGE per 
10° cells (P<01 vs control). Transfusion with BUF rat blood 
also increased PGE production to 1698 + 333 pg/10° macro- 
phages (P<01 vs control). The ANOVA was statistically 
significant for PGE (P<.05). 

Thromboxane production by the control rats was 
2150+ 44 pg’l0* cells and was 2310+97 pg/10° cells in the 
Lewis rats ~ransfused with Lewis rat blood (Fig 2). Rats 
transfused with ACI rat blood produced 3070 +120 pg/10° 
macrophages (P<.0001 vs control), and transfusion with 
BUF rat blood increased TBX levels to 3150+155 pg/10° 
cells (P<.0@0. The ANOVA of the differences in TBX 
production emeng the four groups was significant (P<.05). 

There was no significant difference in PGF,, production 
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between the control rats and Lewis rats that received Lewis 
rat blood (950 +95 pg/10° cells and 1230 +152 pg/10° cells, 
respectively) (Fig 3). Production of PGF,, was significantly 
increased in the rats transfused with ACI rat blood 
(1570 + 248 pg/10° cells) (P<.03 vs control). Those animals 
receiving BUF rat blood also had an increased level of PGF 
(1630 + 387 pg/10° cells) (P<.05). The ANOVA of the differ- 
ences in PGF,, production by the four groups was statis- 
tically significant (P<.05). 

The LB production was nearly identical in the four 
groups, with 780+ 64 pg of LB per 10° cells in the control 
animals, 780+ 59 pg/10° cells in the Lewis rat blood recipi- 
ents, 680+51 pg/10° macrophages in the rats that received 
ACI rat blood, and 685 + 41 pg/10° cells in the BUF rat blood 
recipients. There were also no statistically significant dif- 
ferences in LC production among the various transfusion 
groups. The control animals had 167+ 43 pg of LC per 10° 
macrophages, the Lewis rat blood recipients produced 
124+ 36 pg/10° cells, the ACI rat blood group had 217 + 53 
pg/10° macrophages, and the BUF rat blood-transfused 
animals generated 90+ 40 pg/10° cells. 


COMMENT 


Blood transfusions have become a common treatment for 
correction of severe anemias and for the replacement of 
significant losses resulting from traumatic injuries and 
from operations. Such transfusions have been made possi- 
ble by the discovery of the ABO blood groups by Land- 
steiner” in 1900. 

During the past two decades it has been learned that 
transfusions can also be used to reduce the severity of 
allograft rejection in solid-organ transplant recipients.’ 
Three hypotheses were initially proposed for this effect. 
The first was that the transfusions selected out those 
individuals most likely to reject the transplanted organ. 
The second was that the transfusions resulted in the 
production of blocking antibodies that protected the trans- 
planted organ against rejection. The final theory was that 
the transfusion enhanced the function of the suppressor 
leukocytes responsible for diminishing immune response. 

During the last five years there have been retrospective 
reports involving patients with cancer comparing the long- 
term survival rates between those patients who required 
blood transfusions at the time of their cancer surgery with 
those who did not. These studies have shown that in 
patients with breast cancer,’ lung cancer,’ and colon cancer* 
there was a higher rate of tumor recurrence in the patients 
who received transfusions. Although it is possible that the 
patients who required transfusions had more advanced 
tumors, this does not seem to be a likely explanation since 
the patients were matched for TMN tumor stages. There 
was also a report by Francis and Shenton’ documenting that 
rats given transfusions with allogeneic blood had a more 
rapid growth rate of sarcoma than those given syngeneic 
blood or normal saline. With the importance of immune 
function in combating cancer growth being increasingly 
widely recognized, one explanation for the accelerated 
tumor growth would appear to be a generalized immuno- 
suppressive effect caused by the transfusions. 
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Fig 1.—Macrephage production of prostaglandin E (PGE). ACI 
indicates A'Sogaloff Cancer Institute; BUF, Buffalo. 
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Fig 3.—Macrephage production of prostaglandin F,, (PGF,,). ACI 
indicates A’Sogaloff Cancer Institute; BUF, Buffalo. 


We previously reported on the effect of transfusions on 
immune function in a traumatized animal. We documented 
that Lewis rats given allogeneic transfusions have a de- 
creased cell-mediated immune response compared with 
nontransfused controls.’ Also, Lewis rats that are burned 
and given allogeneic transfusions are more susceptible to 
lethal Pseudomonas infections than burned rats given 
syngeneic transfusions or lactated Ringer’s solution.*® 

In this study, we investigated whether the transfusion- 
induced immunosuppression was related to alterations in 
the synthesis of prestaglandins and related compounds. 
Such compounds are all derived from arachidonic acid (Fig 
4) and are increasingly being recognized for their broad- 
spectrum effect on immune function.’ Probably the most 
important white blood cell responsible for the synthesis of 
these compounds is the monocyte-macrophage. 

Prostaglandin E is one of these metabolites and is proba- 
bly the most immunesuppressive of all the metabolites. Its 
administration either in vivo or in vitro results in a signifi- 
cant impairment in T-lymphocyte blastogenesis in response 
to mitogen stimulation.” It has been shown that the 
administration of PGE synthesis blockers improves cell- 
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Fig 2.—Macrophage production of thromboxane B (TBX). ACI 
indicates A’Sogaloff Cancer Institute; BUF, Buffalo. 


mediated immunity in a guinea pig model by an assay 
similar to the one we used to demonstrate impairment in 
transfused rats’ cell-mediated immune response. Prosta- 
glandin E has been shown to impair macrophage differ- 
entiation and phagocytosis.” Recent studies have also docu- 
mented that the administration of PGE impairs the ability 
of peripheral-blood mononuclear cells to lyse tumor cells.” 

Our study demonstrated a greater than twofold rise in 
PGE production in allogeneically transfused rats. Such a 
rise in the level of the severely immunosuppressive metabo- 
lite may at least in part explain the increased mortality we 
observed in burned rats that received transfusions. With 
the previous documentation of the detrimental effect of 
PGE on antitumor function of white blood cells, our demon- 
stration of increased PGE production in transfused animals 
may at least partially explain the higher rate of tumor 
recurrence in transfused patients. The failure of syngeneic 
blood transfusions to result in increased PGE production 
may offer a method to prevent the detrimental immunosup- 
pressive effects of blood transfusions when given clinically. 
Frozen washed red blood cells lack white blood cells and 
their associated histocompatibility antigens. The use of 
such a blood product for transfusion in humans therefore 
may be similar to the effect one would achieve by using 
syngeneic blood. Syngeneic transfusions could otherwise 
only be achieved by removing blood from the patient prior 
to surgery and giving the blood back to the patient at 
surgery or by obtaining blood from an identical twin. 

Those Lewis rats that received allogeneic transfusions 
with ACI or BUF rat blood had a decreased macrophage 
migration that was inversely proportional to the PGE 
production. The increase in PGE production previously 
discussed could explain the decreased macrophage migra- 
tion into the peritoneal cavity by its effect on macrophage 
differentiation and chemokinesis. 

Thremboxane production was also increased in those rats 
that received blood from either ACI or BUF rats but not in 
those rats that received syngeneic transfusions or lactated 
Ringer's solution. The increase with each group receiving 
allogeneic blood was approximately 50% over the controls. 
This is roughly the same rate of increase as was seen in the 
level of prostaglandin I production. 
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Fig 4.—Pathways of arachidonic acid metabolism. PG indicates prostaglandin; TBX,, thromboxane B.. 


Thromboxane is a metabolite that causes vasoconstric- 
tion and platele: aggregation.” An increase in TBX produc- 
tion will therefore decrease tissue perfusion. Prostaglandin 
I inhibits platelet aggregation and causes vasodilation.” 
Increased leveis of PGI result, therefore, in increased 
tissue perfusion. Since allogeneic transfusions raised the 
levels of both PGI and TBX by 50%, it seems likely that 
there is no net effect on tissue perfusion resulting from 
altered arachidonic acid metabolism following transfusions. 

The leukotrienes are a recently discovered group of 
arachidonic acid metabolites that are produced through the 
lipo-oxygenase pathway (Fig 4). These substances exert an 


immunostimulatory effect on several components of the 
immune system. These include an increased rate of chemo- 
kinesis in neutrophils, eosinophils, monocytes, and lympho- 
cytes.” An increase in chemotaxis has been demonstrated 
in neutrophils, as has an increased rate of lysozyme release. 
The failure of allogeneic transfusions to increase macro- 
phage production of leukotrienes, while they do signifi- 
cantly increase PGE production, indicates that the net 
effect of the transfusions is strongly toward immunsuppres- 


sion. 

This study was supported by a Surgical Infection Society-3M Corporation 
Research Award, the Shriners of North America, and Public Health Service 
grant AI-12396. 
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Discussion 


A. GERSON GREENBURG, MD, San Diego: We have heard about 
a perturbatian and its effects on a subset of the immune system, 
the peritoneal macrophage. The transfusion is really an infusion of 
blood, approximately M% of the animal’s red blood cell volume. A 
subsequent intraperitoneal stimulus is used to harvest macro- 
phages, which are then szudied in culture. This is a valid model 
system but quite a way from whole-animal physiology and tem- 
porally protracted, a point we should consider before we extrapo- 
late any of these results. One cannot argue the transfusion as an 
immunosuppressant; the how and the why are far more interest- 
ing. 

Any of us dealing with patients who sustain significant blood loss 
must be aware of the benefits and the consequences of our 
therapeutic endeavor. I sHSpect there are effects of transfusions 
not fully identified. I do wonder if this model reflects the clinical 
situation or is simply a mezhod for study of a phenomenon, at best, 
or a response 

Taken in its extreme, should we use prostaglandin inhibitors as 
part of the trauma/shocx resuscitation or when a patient is 
transfused? I think not. More basic surgical principles should be 
applied, and autologous blood is in fact readily available for elective 
situations if one thinks this is a problem. 

I do have a ew questions, however. Clinically we use packed red 
blood cells. Rarely is whcle blood given. Did these animals have 
only red blood cells, or were there white blood cells infused as well? 
Which is more antigenic in these strains? Is there a red blood cell 
incompatibility system within the rat that has to be accounted for 
when you go across species? Could this incompatibility then lead to 
hemolysis, which we all know is a potent immunosuppressant? 

Is this possibly the result of hypervolemia, since these animals 
were not mace hypovolemic but were infused in their euvolemic 
state? 

The authors really demonstrated nicely how TBX, PGE,, and 
PGI levels are all elevated, and by concentration data they imply a 
mechanism. Do the authors have any idea about the trigger 
mechanism or the primary stimulus to this particular response? 
Are the infused red blood eells really removed or are they possibly 
lysed? Does the reticuloendothelial system play a role? If so, 
where, and by what mechanism? 

Obviously, such a study as this raises more questions than it 
answers. 

Marx JorDAN, MD, Toronto: This is a very interesting study, I 
believe, with a very well-founded hypothesis. I have several 
questions and would like to make several comments. 

The transfusion effeet that is seen in transplant patients seems 
to be present regardless of whether the transfusion was performed 
recently or in the distant past, although there has been evidence 
that the more recent the transfusion, the greater the effect. The 
authors studied their animals, I believe, eight days after the 
transfusion. Did they extend these observations, and was this 
effect also seen on macrophages after transfusion was performed in 
the distant past? 

My second question concerns the method by which the authors 
assayed macrophage arachidonic acid products. The data pre- 
sented were for macrophages at a baseline state of activation. They 
did not stimulate them with phytohemagglutinin or calcium 
ionophore in vitro. The amounts of prostaglandins, leukotrienes, 
and TBXs that they showed were in fact at least one log below any 
of the immunoreactive levels that are found either in vitro or in 
vivo. I wonder if the authors have done these experiments by 
stimulating the macrophages first to produce quantitative levels of 
arachidonic acid metabolites that do have a physiologic role, 
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because the low levels that they did demonstrate, although they 
were enhanced in the transfused animals, are probably not 
clinically significant and may just reflect a variation in baseline 
levels. 

Dr WaymMack: In response to Dr Greenburg’s question about the 
use of immunomodulators, it is of course much too soon to be 
thinking of clinical trials using these to prevent the transfusion’s 
effect. However, this may change in the future as further data are 
obtained. 

The question about the nature of the blood used is a most 
interesting topic. We have used whole blood, which contains the 
same cell composition as packed cells. If the transfusion effect is 
due te differences in the antigens present on the white blood cells, 
as we think since we do not see the effect with syngeneic blood, 
then the use of frozen washed red blood cells that are totally lacking 
in these allogeneic factors may be an alternate method of prevent- 
ing the immunosuppressive effects. 

Concerning the questions about red blood cell incompatibility, 
this transfusion model does not result in any real lysis of the red 
blood cells. It is a model repeatedly used in transplantation studies 
for measuring the effect of transfusion on allograft rejection, and 
there is no evidence of any significant hemolysis or any organ 
dysfunction from red blood cell lysis. 

The question about hypovolemia is also a very good one. We have 
not studied different amounts of infused blood with regard to our 
studies on arachidonic acid metabolism. However, I have studied 
the effect of varying the volume of blood in our burn-wound sepsis 
mode! and have found that over a 50-fold range in blood volumes, I 
see nearly identical effects as far as the increased mortality in 
those animals that received allogeneic blood transfusions. 

Dr Greenberg asked what is the primary stimulus. I do not have 
that answer yet. I think it is a most relevant question about where 
this whole process starts. If I knew that, it would be a lot easier to 
decide which immunomodulators to use to try to prevent this 
effect. 

Dr Jordan’s question on the duration is also a very important and 
worrisome one with regard to the clinical applicability of this 
study. Transfusions in transplant patients result in an immunosup- 
pression that lasts for over a year. If this is also true of the 
immunosuppressive effects seen in patients with cancer and in 
regard to possible increase in susceptibility to infections, we may 
be creating a large problem that we have not yet recognized. 

Dr Jordan’s question about stimulation with various substances 
such as calcium ionophores is also very pertinent. These macro- 
phages did produce less arachidonic acid metabolites than those in 
most other studies. However, these were not resting macrophages; 
they had been stimulated by brain-heart infusate, which has been 
shown in a number of studies to decrease the production of these 
metabolites. I chose this model because I believe these stimulated 
macrophages most closely approximate the situation with which 
we deal as surgeons, such as in a patient who has a leaking 
diverticulum or a ruptured spleen. However, whether or not with 
calcium ionophores or other stimulations this effect would become 
greater or less, I do not know. 

The age of the red blood cells is also important. These were all 
one-day-old blood samples that we had stored in the standard 
human citrate-phosphate-dextrose preservative solution. This is 
the only age of blood we have used in studying the effect on 
arachidonic acid metabolism. However, I have studied varying ages 
of blood with regard to our burn-wound sepsis model and have yet 
to find any significant differences in mortality when the age of the ` 
transfused blood is varied. 
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Hemorrhage Without Tissue Trauma 
Produces Immunosuppression and 


Enhances Susceptibility to Sepsis 


Rabie N. Stephan, MD: Thomas S. Kupper, MD; Alexander S. Geha, MD; 


Arthur E. Baue, MD; Irshad H. Chaudry, PhD 


è To determine whether hemorrhage without major tissue 
trauma can itself produce immunosuppression, the effect of 
hemorrhage on the lymphocyte response to T-cell mitogen in 
endotoxin-resistant C3H/HEJ mice was measured. The mice 
were bled to achieve a mean blood pressure of 35 mm Hg, 
maintained at that level for one hour, and then adequately 
resuscitated. On days 1 through 10 thereafter, the proliferative 
responses of the splenocytes to concanavalin A were mea- 
sured and allogeneic mixed lymphocyte reaction was per- 
formed. The proliferative responses to mitogen stimulation as 
well as the results of mixed lymphocyte reaction studies 
indicated that marked immunosuppression occurred at day 1. 
Immunosuppression persisted for at least five days following 
hemorrhage, as evidenced by mitogen stimulation assay. 
Another group of mice was subjected to sepsis three days after 
hemorrhage and resuscitation. The mortalities in the sham- 
hemorrhage and hemorrhage groups following sepsis were 
58% and 100%, respectively. Thus, a significant depression of 
cellular immunity occurred following simple hemorrhage 
despite adequate resuscitation, and this immunosuppression 
enhanced the susceptibility to sepsis. 

(Arch Surg 1987;122:62-68) 


‘mes due to aecidental and thermal injuries con- 
stitutes a major problem that many surgeons face on a 
daily basis.’ Surgical trauma due to complicated and exten- 
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Sive surgical procedures has also emerged as a pathogenic 
injury that requires an in-depth analysis of various organ 
systems including the immune system. Improved under- 
standing of the pathophysiologic processes involved in such 
injuries has allowed more rapid and effective institution of 
interventional measures, both medical and surgical, thus 
improving the immediate overall survival rate and outlook 
of sueh patients. 

The common feature of the above-mentioned insults to 
the organism is the profound perturbations in the immune 
system; both cell-mediated and humoral immunity are 
affected.** Studies dealing with burns and soft-tissue de- 
struction have clearly demonstrated that in the phase 
immediately following injury, neutrophil chemotaxis and 
the opsonic function are severely impaired.** It is also well 
documented that such injuries induce the generation of 
suppressor cells and/or soluble suppressor serum factors,” 
further compounding the problem of immunocompetence. A 
major event in the activation of the immune cascade (ie, 
antigen processing, expression of Ia antigen, and antigen 
presentation by the macrophage) has been shown to be 
defective following traumatic injuries,” thus substantiating 
earlier findings of impaired phagocytic capability of macro- 
phages.™? It is important to note, however, that most 
studies dealing with immunoresponse have focused exclu- 
sively on insults such as tissue destruction due to thermal 
injury, crushing injury, or tissue destruction associated 
with surgical procedures. Attempts have not been made, 
however, to determine whether hemorrhage without any 
major tissue trauma has any adverse effect on immu- 
norespensiveness. The aim of this study, therefore, was to - 
determine the time course of immunoresponsiveness follow- 
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ing a widely encountered problem in surgical practice, ie, 
hemorrhage. 


MATERIALS AND METHODS 
Hemorrhage Model 


Prior to experimentation, endotoxin-tolerant adult C3H/HEJ 
mice were lightly anesthetized with ether. With a gentle and 
minimal dissection technique, both femoral arteries were exposed 
and cannulated with polyethylene No. 10 tubing. The animais were 
then heparinized (100 U/kg), restrained in a supine positien, and 
allowed to awaken. One of the catheters was used for continuous 
blood pressure measurement by attaching it to a strain gauge 
transducer, and the other cannula was used for bleeding the 
animal. The mice were bled to a mean blood pressure of 35 mm Hg 
and maintained at that level for one hour. This was followed by 
reinfusion of the shed blood along with Ringer’s lactate, two times 
the shed blood volume. After adequate resuscitation was achieved, 
the catheters were removed and the groin incisions were closed. 
The animals were then returned to their cages, and food and water 
were allowed ad lib. There was no significant mortality with this 
model. Death occurred in approximately 10% of the miee after 
hemorrhage in the setting of surgical complications such as persist- 
ent bleeding from the surgical field. Such animals were excluded 
from the experimental group. Control animals underwent the same 
procedure, but hemorrhage was not induced. 


Preparation of Splenic Cells 


On the first through the tenth days after hemorrhage and 
resuscitation, the mice were killed by cervical dislocation. The 
spleens of three to five animals in each experimental group were 
sterilely harvested and placed together in a sterile plastic Petri 
dish contaiming a balanced salt solution. The spleens were then 
gently ground between frosted microscope slides, dispersing them 
into a single cell suspension, and the red blood cells in the cell 
suspension were lysed by hypotonic shock. The splenocytes were 
then washed twice and counted by means of a hemocytometer using 
trypan blue exclusion as a viability list. 


Mitogen Activation Assay 
Using Concanavalin A 


Sterile cell suspensions of normal and posthemorrhage spleno- 
cytes were prepared (as described above) using Click’s medium 
supplemented with 5% fetal calf serum at a final concentration of 
0.5, 1, 2, and 4x 10° cells per well. We then added 100 uL of the 
splenocyte suspension to each well in a microtiter plate. 
Splenocytes and concanavalin A were brought together in a final 
volume of 0.2 mL per well. All experimental and controi groups 
were set in triplicates. Cell culture plates were incubated at 37°C in 
an incubater with 95% oxygen-5% carbon dioxide. On the third 
day, the cultures were pulsed with tritiated thymidine (14.Ci per 
well) and at the end of six hours of pulse time, the cells were 
harvested onto filter paper disks. The filter paper disks were then 
dried, placed in glass counting vials together with 1 mL of scin- 
tillation fluid (Betafluor), and counted on a scintillation counter. 


Allogeneic Mixed Lymphocyte Reaction 


Stimulator spleens of endotoxin-tolerant adult C57B1/6 mice 
were sterilely removed and a whole spleen cell suspension was 
prepared as described above. These cells were treated with 
40 mg/L of mitemycin at a concentration of 2.510" cells per 
milliliter for 30 minutes at 37°C. The cells were then washed four 
times with balanced salt solution, thus removing any remaining 


^- mitomycin in the cell suspension. Next the cells were diluted in 


complete Click’s medium supplemented with 10% fetal calf serum 
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to a final concentration of 5 x 10° cells per milliliter. 

T-cell-enriched responder cells from C3H/HEJ mice after hem- 
orrhage were prepared as follows: Whole spleen cells were ob- 
tained as described above, and, after lysis of red blood cells, the 
cells were suspended in balanced salt solution. Three milliliters of 
the T-cell suspension containing 2x 10° cells was then added to 
Petri dishes coated with goat anti-mouse immunoglobulin. The 
nonadherent fraction was harvested; recovery was approximately 
30% to 35%. Stimulator cells and responder cells at different 
concentrations (0.5, 1, and 2 x 10° cells per well) were then breught 
together in a total volume of 0.2 mL per well in a sterile 96-well 
microtiter plate and incubated at 37°C in a humidified incubator 
with 95% air-5% oxygen for three days. Next the cultures were 
pulsed with tritiated thymidine (1 aCi per well); after an additional 
ten hours of incubation, the cells were harvested onto filter paper 
disks. The filter paper disks were then dried and placed in counting 
vials with 1mL of scintillation fluid, and samples were then counted 
on a liquid scintillation counter. 


intra-abdominal Sepsis Following Hemorrhage 


On the third day following hemorrhage and resuscitation, the 
animals were lightly anesthetized with ether and a l-cm midline 
abdominal incision was made. After the cecum was isolated, a 
3-0 silk ligature was placed around it and the cecum was ligated 
just below the ileocecal valve. The cecum was then punctured 
twice with a 22-gauge needle and returned to the peritoneal cavity, 
and the abdominal incision was closed. Care was taken to ensure 
that the puncture holes remained patent. Normal saline 
(3 mL/100 g of body weight) was given subcutaneously at that time. 
Survival was measured over a period of three days following cecal 
ligation and puncture. 


Statistics 


The paired t test was employed, and differences were considered 
significant at P<.05. Survival data were analyzed by x” analysis. 


RESULTS 
Mitogen Activation Assay 


Mitogen activation assay was performed on different days 
following hemorrhage and resuscitation. On day 1 following 
hemorrhage, the proliferative response of spleen cells to 
concanavalin A stimulation was markedly impaired and the 
responses were only 18% of control response (Table 1). On 
the subsequent days, however, a slow and steady increase in 
proliferation was observed. On day 10 following hemor- 
rhage, proliferative response of splenic cells from mice that 
were bled returned to control levels. 


Allogeneic Mixed Lymphocyte Reaction 


Allogeneic mixed lymphocyte reaction was alse per- 
formed on selected days following hemorrhage and re- 
suscitation. A profound depression was also evident on days 
1 and 2 following hemorrhage (Table 2). On day 9 following 
hemorrhage, however, the proliferative response was com- 
parable to that of controls. 


Mortality in Mice Subjected to Hemorrhage and Sepsis 


Three days following hemorrhage and resuscitation, the 
animals were subjected to sepsis by cecal ligation and 
puncture. The mortality rate was 58% in the controls but 
100% in the mice that underwent hemorrhage (P<.05) 
(Table 3). 


Immunosuppression After Hemorrhage—Stephan etal 63 














es 


k å 
po Mias 


ee oe ms 


ee 





LT STS. Fue Oe ee LO eee 


ae 





PEES Oa ogee TP 


T Terp "Aini ti i C hada PY 


Table 1.—Proliferative Responses of Normal Splenocytes and 
Splenocytes From Mice After Hemorrhage Stimulated With Concanavalin A* 


Posthemorrhage 24054=9 40344+74 12116+10 53655+17 34496+15 80677+6.962876+4.0 92410+6.0 55 200+9.8 81 050+4.2 


Posthemorrhage’ 
control 
ratio, %Tt 





*The mice were killed on days 1 through 10 following hemorrhage and resuscitation, and their splenocytes were isolated. Proliferative responses of 
splenocytes stimulated with concanavalin A (2.5 mg/L) were measured as described in the “Materials and Methods” section. The above values, expressed as 
mean counts per minute+percent SE, were taken from points on a dose-response curve where responses were optimal. Background proliferation was 


insignificant. 
tAIl P<.05 vs control. 


Table 2.—Allogeneic Mixed Lymphocyte Response in Normal 
Splenic T Cells and Those From Mice After Hemorrhage* 


Days After Hemorrhage 


| 


Group 1 2 9 


Control 73 506=+8 141 300+7 165 640+11 


Posthemorrhage 


Posthemorrhage/ 
control ratio, % 26t 41t 92 


*On days 1, 2, and 9 fellowing hemorrhage and resuscitation, the mice 
were killed and allogeneic mixed lymphocyte responses were measured as 
described in the “Materials and Methods’ section. Responses, expressed as 
mean counts per minute + percent SE, were taken from a dose-response 
curve; 2x 10° responders per wel! yielded optimal results at the three time 
points. 

+tP<.05 vs control. 


18 891 +12 57 650+9 153 000 +7 


COMMENT 


The mouse hemorrhage model used in this study is, to our 
knowledge, the first experimental model in which con- 
trolled hemorrhage was induced in this rodent species. 
Although meticulous surgical technique is required to can- 
nulate the femoral arteries of mice for bleeding and reinfu- 
sion of the blood volume, this nonlethal and reproducible 
hemorrhage model offers the advantage of investigating 
comprehensively the direct effects of hemorrhage (without 
major tissue trauma) on immunologic responses. 

The animals used in this study were C3H/HEJ mice, a 
murine strain considered to be endotoxin tolerant.” This 
feature was considered important since hemorrhage lead- 
ing to hypotension renders the gut more permeable to 
intestinal flora,“ thus increasing the eoncentration of bacte- 
ria and endotoxin in the portal system and making the 
animals more susceptible to septic complications following 
hemorrhage. Thus, the use of C3H/HEJ mice permits the 
study of the effects of hemorrhage per se without the 
additional effect of bacteremia on the immune system. 
Another salient feature of this model is that it allows the use 
of well-standardized immunologic assays available only in 
the murine species. A more comprehensive examination of 
complex immunologic interaction is thus possible in future 
studies. Furthermore, the hemorrhage model used was not 
severe enough to produce any significant mortality. Thus, 
the model used is of clinical relevance since hemorrhage is 
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Table 3.—Mortality in 
Mice Subjected to Hemorrhage and Sepsis* 


No. % 
Survived Mortality 


Control 9 58 
Posthemorrhage 0 100t 


*Three days following hemorrhage and resuscitation, the mice were 
subjected to sepsis by cecal ligation and puncture, and survival was 
measured over a period of three days. For further details, see text. 

tP<.05 vs control. 


Condition 


frequently encountered not only in surgical procedures but 
also following trauma. 

Our study was designed to investigate the putative role of 
hemorrhage on lymphocyte responsiveness to stimulation 
with the lectin concanavalin A and alloantigen (mixed 
lymphocyte reaction). The results demonstrated that pro- 
found depression of T cell blastogenesis in response to 
mitogenic stimulation with concanavalin A occurred on day 
1 following hemorrhage and resuscitation. The data ob- 
tained from the mitogen activation assay also indicated that 
a slow and gradual reversal of immunoresponsiveness takes 
place with the progression of time following hemorrhage 
and resuscitation (Figure). The mitogen-induced prolifera- 
tive responses reach nearly 50% of the control levels on day 
5 after hemorrhage; by day 9, proliferative responses of 
norma! splenocytes and those from mice after hemorrhage 
were comparable. These findings concur with the results 
seen with the allogeneic mixed lymphocyte reaction and 
indicate that immunocompetency is adversely affected in 
the very early phase following hemorrhage despite ade- 
quate resuscitation. Subsequent improvement of the prolif- 
erative responses, however, was seen, and by day 9 follow- 
ing hemorrhage the responses were normal. Thus, unlike 
burn injury, in which the earliest immunosuppression is 
seen at day 3, hemorrhage produces marked suppression 
even at day 1. 

The operative mechanisms that lead to the functional 
impairment of the immune system when the organism is 
faced with hemorrhage are not clearly understood. It is 
pertinent, therefore, to discuss the factors that might be 
responsible for producing immunosuppression following 
hemorrhage. However, it is important to determine 
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whether the use of ether, heparin, and shed blood in our 
study mizht be causing the observed immunosuppression. 
Since some studies” have reported that anesthetics, such 
as nitrous oxide and halothane, may lead to suppression of 
lymphocrte function, it is possible that the brief use ofether 
in our study during cannulation of the femoral arteries 
might cause immunosuppression. To determine this, the 
proliferative responses were examined with the use of two 
groups œ normal mice, one not exposed to ether and the 
other anesthetized with ether for the same duration as the 
operated-on animals. Measurement of the spleen cell prolif- 
erative responses by mitogen activation assay in such 
animals disclosed no difference in the proliferative re- 
sponses 2f splenocytes between the two groups of mice. 
Thus, the use of ether during cannulation was not thecause 
of the immunosuppression observed following hemorrhage. 

We also examined whether heparin, which was used in 
our model, might cause immunosuppression. We compared 
the lymphocyte proliferation responses of animals that did 
and did not receive heparin. There was no difference in 
lymphocyte proliferation between these two groups. Thus, 
we can conelude that heparin did not depress lymphocyte 
function in our model. 

Compl=ment-derived fragments have been shown to con- 
tribute to inhibition of lymphocyte function.” One might 
therefore question whether the presence of complement 
degradation products in the shed blood was responsible 
for the immunosuppression observed in our model. How- 
ever, blood was not stored for more than one hour in our 
studies. Moreover, there is no conclusive evidence for the 


» prolonged immunosuppressive role of complement frag- 


a 


ments since such fragments are cleared rapidly.” To deter- 
mine whether complement fragments play any role in our 
model, “urther studies were conducted in which fresh 
syngene c blood instead of shed blood (stored for one hour) 
was usel to resuscitate animals after hemorrhage. No 
reversal or amelioration of the phenomenon of prolonged 
immunosuppression was observed with the administration 
of fresh syngeneic blood. We therefore decided to follow the 
protocol of reinfusion of the remaining shed blood, partly 
because that technique was simpler. The above results 
therefore indicate that reinfusion of the remaining shed 
blood was not responsible for the immunosuppression seen 
in our model. 

Waymack et al” showed that whole-blood transfusion in 
rats following thermal injury produced a further impair- 
ment in cell-mediated immunity. However, whereas blood 
was not kept in the syringe for more than one hour in our 
studies, blood was stored in acid citrate solution at 2C for 
two days before transfusion in their study. It is thus 
possible that the combination of storing the blood in acid 
citrate solution and the significantly longer storage period 
might be responsible for the immunosuppression seen in 
their study. 

Having determined that ether, heparin, and the transfu- 
sion of tae remaining shed blood were not responsible for 
producirg immunosuppression following hemorrhagein our 


“model, we will focus on the potential mechanisms responsi- 


ble for producing immunosuppression after hemorrhage. 
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% of Control 


1 2 3 4 G 6 7 8 9 10 
Days After Hemorrhage 
Proliferative responses of splenocytes from mice after hemorrhage. 
Time course of mixed lymphocyte reaction (open symbo's) and 
concanavalin A (closed symbols) activation responses of spleno- 
cytes from normal mice and mice after hemorrhage are shown. 
Values are taken from Tables 1 and 2. P<.05 vs control. 


Increased secretion of corticosteroids into the blood- 
stream occurs as a result of hemorrhage,” and steroids have 
been implicated as potent agents that depress T-cell blasto- 
genic transformation when activated with mitogen.” Gillis 
et al? demonstrated that pharmacologic doses of dex- 
amethasone in the range of 107M are capable of signifi- 
cantly inhibiting mitogen-induced T-cell growth factor (in- 
terleukin 2) production, thus leading to impaired T-cell 
proliferation, a process that depends on the adequate 
presence of interleukin 2.” In this regard, results from our 
laboratory have shown that hemorrhage induced in the 
same murine model used in this study led to profound 
inhibition of in vitro interleukin 2 production by spleno- 
cytes.” Thus, it could be suggested that steroids are 
responsible for producing immunosuppression following 
hemorrhage. It is unlikely, however, that steroids are 
responsible for the prolonged immunosuppression seen 
following hemorrhage, since the stimulus for increased 
production and release of steroids, ie, low blood flow, should 
be removed following appropriate resuscitation.” 

Hemorrhage is also a potent stimulator of catecholamine 
secretion.” Recent studies have demonstrated that admin- 
istration of epinephrine in healthy men not only altered the 
mitogen-induced proliferation capacity of lymphocytes” but 
also produced changes in the ratios of different subsets of 
lymphocytes.” This shift in the subsets of T cells is being 
suggested as the event that leads to the reduction of 
mitogen responses when epinephrine is administered or 
when epinephrine is secreted in large amounts due to 
stressful influences. It is unlikely, however, that cate- 
cholamines are responsible for the immunosuppression 
seen in our study since a sharp decline in their levels oecurs 
rapidly following adequate resuscitation.” 

Prostaglandin production and secretion are markedly 
enhanced by pathophysiologic stimuli such as hemorrhage, 
hypoxia, acidosis, and ischemia.” Prostaglandins have also 
been shown to inhibit lymphocyte function by possibly 
elevating cyclic adenosine monophosphate levels.” Further- 
more, in vitro studies have demonstrated that incubation of 
glass-adherent splenic T cells with prostaglandin E, leads 
to the elaboration of a factor that suppresses phytohemag- 
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glutinin-induced mitogenesis.” It remains to be determined 
whether prostaglandins play any contributory role in the 
immunosuppression we observed following hemorrhage 
and resuscitation. 

Studies have shown that suppression after burn injury in 
the murine model is related to the emergence of at least two 
subsets of T cells, Ly1*2- and Ly2*, that contribute to the 
depression of the proliferative capacity of lymphocytes.* 
This may lay a role in causing decreased proliferative 
responses in our hemorrhage model. However, the appear- 
ance of T-cell subsets does not fully explain the profeund 
depression seen 24 hours following hemorrhage since 
changes in T-subset ratios and appearance of suppressor 
cells were not observed until three to five days following 
burn injury.” 

Serum factors ranging in molecular weight between 
10 000 and 30 000 daltons have been isolated from the serum 
of traumat:zed patients and have been shown to suppress 
mitogen-induced lymphocyte proliferation.*’ Since we did 
not measure the presence or absence of serum factors, we 
cannot rule out the possibility that such factors might be 
responsible for producing the immunosuppression following 
hemorrhage. It appears unlikely, however, that serum 
factors are responsible for the immunosuppression seen 
after three to five days in our study since the animals were 
resuscitated adequately following hemorrhage, and thus 
the stimulus for the production of such factors should have 
been eliminated. 

Our preliminary results indicated that in vitro production 
of interleukin 2 is also severely depressed by splenocytes 
from animals after hemorrhage.” This phenomenon per- 
sisted for several days following hemorrhage. In addition, 
our preliminary results suggest that the antigen presenta- 
tion capability of the macrophage is impaired during hemor- 
rhage (data not shown). Whether or not these factors are 





responsible for the immunosuppression seen following hem- 
orrhage is not known at present. 

Since the above studies demonstrated depressed immu- 
neresponsiveness following hemorrhage despite adequate 
resuscitation, we investigated whether animals are more 
susceptible to sepsis after hemorrhage. The induction of an 
intra-abdominal septic focus by cecal ligation and puncture 
led to a catastrophic outcome in animals subjected to simple 
hemorrhage three days prior to the septic insult. A 100% 


mortality was seen in this group, compared with a 58% 


mortality in the group of animals subjected to sepsis 
without prior hemorrhage (P<.05). These results again 
underscore the fact that, even three days following hemor- 
rhage, a severely compromised host defense system exists 
due to depressed proliferation of T lymphocytes, which 
enhances susceptibility to sepsis. 

In summary, the results presented here indicate that 
simple hemorrhage that produced a sustained but nonlethal 
hypotension is enough insult to produce immunologic de- 
pression. Thus, any additional trauma, ie, thermal injury or 
other extensive tissue trauma, would be expected to have an 
additive effect on immunosuppression when associated with 
hemorrhage. Hence, septic complications are expected to 
occur more frequently when a combination of hemorrhage 
and other injuries occurs. Another important facet of these 
findings is that immunosuppression in this murine hemor- 
rhage model occurred much earlier than in a 30% scald burn 
model, possibly indicating that septic complications might 
occur very early following hemorrhage. 
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Discussion 


JONATHAN L. Mreakins, MD, Montreal: Some years ago at the 
Surgical Forum Dr Christou presented a paper looking at the 
influence of gastrointestinal tract bleeding on host defense and 
susceptibility to infection. Features related to blood volume, 
specifically pulse, pressure (both diastolic and systolic), the total 
amount of blood transfused, and the total number of blood transfu- 
sions after the skin test was done, together with the total amount 
of colloid, was much greater in the anergy group. The anergy group 
demonstrated much more sepsis, required many more courses of 
therapeutic antibiotics, and had a much higher mortality. 

In this group death occurred in nine of 17 patients with sepsis. 
Some of the patients who were anergic were bleeding from 
esophageal varices, although the differences in the two patient 
groups were not statistically significant. 

At that time we were curious as to why the patient population 
developed these abnormalities, and we postulated that they were 
related to the development of shock and to the subsequent altera- 
tions in blood velume as a form of stress or injury. As subsequent 
data have evolved im the transplant literature, together with data 
presented here by Dr Waymack, the colon and rectal resections 
associated with bleod transfusions, and the allogeneic nature of 
blood transfusions in immunosuppression, I think that immu- 
nosuppression would certainly be one of the arguments. However, 
the transfusiens that have been performed in these mice I presume 
were autologous blood, and therefore that argument cannot be put 
forward. One must then wonder what might be the specific cause of 
this immunosuppression in association with, I presume, hypoten- 
sion in these animals. 

One of the things mentioned in the article related to bowel 
permeability and bowel changes in hemorrhagic shock, and this 
certainly has been well demonstrated in the past. I wonder if the 
authors would eomment on the idea that, even though these are 
endotoxin-resistant mice and therefore able to tolerate the in- 
creased permeability of the gastrointestinal tract, this might 
indeed be one of the principal effector mechanisms mediated 
through liver macrophages for this immunosuppression. Further, 
they might tell us whether or not they did autopsy studies in these 
animals to determine if there were changes in the gastrointestinal 
tract in this group, and what they were like. 

The statistics done on the animals receiving sepsis, I am afraid, 
are somewhat open to question, in that the numbers are extremely 
small; and while the differences are enormous when you apply 
Yates’ correction, the x° does not achieve significance. I wonder if 
they have repeated this experiment with a larger group of animals, 
as I think that is very important. 

Have they determined endotoxin levels or done blood cultures in 
hese animals to determine whether there is concurrent transloca- 
tion of bacteria that achieves significant levels in the blood stream? 
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Lastly, I wonder if they would comment on a problem that has 
plagued many of us working with immunosuppression in the 
surgical patient, as to why lymphocyte function, in this instance 
blastogenesis as demonstrated by concanavalin A stimulation and 
the mixed lymphocyte response, should be associated with an 
increase in pure bacterial infection as demonstrated by the eecal 
ligation method. 

ACHILLES A. DEMETRIOU, MD, Bronx, NY: This is an elegant 
study, trying to answer fundamental questions. I have some 
questions on methods. How was the blood that was removed from 
the animal stored? Was it stored in heparin for one hour? Do we 
know anything about the role of heparin? Is it potentially an 
immunosuppressive agent? Did the control animals receive 
heparin? What was the blood volume removed from these miee to 
give a blood pressure of 35 mm Hg? 

Finally, are there any studies in which investigators have 
attempted to use plasmapheresis to remove specific blood compo- 
nents instead of acute hemorrhage, and then studied the effect of 
that on the immune response? 

Tuomas K. Hunt, MD, San Francisco: I think it is interesting to 
know that hemorrhage leads to an increased susceptibility to 
bacterial infection. It is also interesting that a short period of 
hemorrhagic shock leads to changes in mixed lymphocyte re- 
sponse. Unfortunately, however, what we really need to know now 
in this stage of surgical research is whether or not these two things 
are related. In fact, there are no data in this article to say they are. 

RICHARD J. Howarp, MD, Gainesville, Fla: I would like to ask 
the authors whether or not their mixed lymphocyte response and 
their concanavalin A response were measured in autologous serum 
or plasma and in different plasma, since other investigators have 
shown that plasma from animals after burns or shock may be an 
important factor in whether or not lymphocytes respond to 
mitogens. 

C. GiLLoN Warp, MD, Miami: I would like to raise a question 
with regard to the reinfusion of the blood. Did the authors have any 
way to check whether there was free hemoglobin about because of 
the lysis of the red blood cells? This is known to affect septic 
models, in addition to which there is a depression of the immu- 
nologic system that is believed to play a role in the immunosuppres- 
sion seen in blood transfusions and transplant patients. 

Dr STEPHAN: I will respond to the questions put forward by Dr 
Meakins dealing first with the performance of autopsies on the 
animals with hemorrhage and sepsis, second with the number of 
animals used in the hemorrhage-sepsis model, and third with 
measurement of serum levels of endotoxin. Autopsies were not 
performed on the hemorrhage-sepsis group. However, I would like 
to point out that the cecal ligation and puncture model used in these 
studies is an established experimental model of sepsis-peritonitis 
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in the mouse. Detailed documentation ofthe effects of cecal ligation 
and puncture, ie, intra-abdominal sepsis and the resulting septic 
complications, are presented in a number of previous articles. With 
respect to the small numbers of animals used in the Sepsis 
hemorrhage experiment, we believe that a 100% mortality in the 
experimental group, compared with 58% in the control group, in 
combination with a statistically significant P value, is adequate to 
substantiate our findings and conclusions. With regard to mea- 
surement of endotoxin serum levels and performance of bacterial 
cultures in the cecal ligation and puncture experiment, such 
measurements were not performed in this study. 

We have, however, performed further studies to elucidate a 
possible defect in the T-lymphocyte function. We examined splenic 
interleukin 1 and interleukin 2 production in the hemorrhage 
group, and we found that the splenic production of both lympho- 
kines was depressed. In addition, splenic macrophage function was 
examined and was also found to be depressed immediately follow- 
ing hemorrhage. Thus, these preliminary findings in conjunction 
with our results presented here clearly point to multiple defeets in 
cell-mediated immunity involving T cell activation, T cell prolifera- 
tion, and lymphokine production. 

With respect to Dr Demetriou’s question concerning heparin 
administration, we have conducted preliminary experiments in 
which the heparin effect on mitogen activation in the normal animal 
was studied, and no adverse effect of heparin was seen on mitogen 
activation and mixed lymphocyte reaction. Thus, we do not feel 
that heparin plays any contributory role in the immunosuppression 
seen in our experiment. Furthermore, heparin administration has 
recently been linked to increased interleukin 2 production and 


T-lymphocyte proliferation in the mouse. To assess the effect of 
hypotension due to loss of plasma alone, plasmapheresis was not 
undertaken. However, this suggestion should be viewed with great 
interest, since it might give us an insight into which blood 
component might be responsible for the effects seen in our 
experiment. 

In response to Dr Howard’s question about the T cell population 
used for the mixed lymphocyte reaction, mixed lymphocyte culture 
was carried out using purified splenic T cells. We did not employ 
peripheral-blood mononuclear cells for these experiments. 

Dr Ward’s question is clearly a justified one, since it is well 
known that free hemoglobin does interfere with the phagocytic 
function of the reticuloendothelial system. In the process of 
studying the possible effect of blood transfusions on the immune 
system, we infused syngeneic blood into the normal mouse. We 
then killed the animal and performed a mitogen activation assay as 
well as a mixed lymphocyte reaction. No difference in response 
between the transfused and nontransfused animals was seen. 

In response to Dr Hunt’s question about the effect of hemorrhage 
on the mixed lymphocyte reaction, the results of our study clearly 
show that pure hemorrhage does profoundly affect mixed lympho- 
cyte reaction, especially in the immediate posthemorrhage phase. 

I would like to underline that the experimental animals under- 
went a procedure that produced pure hemorrhage and that the 
amount of tissue destruction associated with this surgical proce- 
dure was minimal. The control animals underwent the same 
procedure; the groins were surgically manipulated so as to create a 
more suitable control animal. 
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In Other AMA Journals 


= AJDC 
4 How Useful Is the Barium Enema in the Diagnosis of Infantile Hirschsprung’s Disease? 
Thomas L. Taxman, MD; Barry S. Yulish, MD; Fred C. Rothstein, MD 


We studied the usefulness of the barium enema to rule out Hirschsprung’s disease (congenital megacolon) in 
the evaluation of infants with constipation. Results from barium enemas in 58 constipated infants and children 
a who underwent rectal suction biopsies to rule cut aganglionosis were evaluated in retrospect for the presence 
“a of a transition zone, delayed evacuation of barium, and colonic anatomic abnormalities. As expected, the 
‘ie presence of a transition zone was most accurate in predicting Hirschsprung’s disease. Eighty percent of infants 
-= with aganglionosis had a roentgenographic transition zone, while 20% did not. Twenty-nine percent of infants 
with a suspected roentgenographic transition zone did not have aganglionosis. Delayed evacuation of barium 
was a poor predictor of aganglionosis. The presence of delayed evacuation of barium did not improve the 
accuracy of the transition zone to predict Hirschsprung’s disease. Barium enemas did not reveal any additional 
a colonic anatomic defects other than a transition zone to account for constipation in our study group. These 
MN results demonstrated that the barium enema is not a specific enough screening procedure to rule out 
Hirschsprung’s disease in the unobstructed infant. Rectal suctien biopsy is diagnostic and should be performed 
as the procedure of choice in those infants suspected of having Hirschsprung’s disease (AJDC 1986;140: 
E. 881-884). 
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C-Reactive Protein Levels Predict 
Postoperative Septic Complications 


Robert A. Mustard, Jr, MD, FRCS(C); John M. A. Bohnen, MD, FRCS(C); Sabeha Haseeb, MD; Rafal Kasina, MD 


e We studied 108 patients undergoing clean-contaminated 
and dirty surgical procedures to determine whether daily C-re- 
active protein (CRP) measurements for 14 days postopera- 
tively could predict the occurrence of septic complications 
prior to clinical diagnosis. Diagnostic criteria for septic com- 
plications anc positive CRP response were defined in advance 
of the study. The CRP assays were carried out using an 
automated laser nephelometer system after the patient’s dis- 
charge from tne hospital. Forty-six septic complications were 
diagnosed in 40 patients. These complications consisted of 
wound infection (23), urinary tract infection (11), pneumonia 
(six), upper respiratory tract infection (three), intra-abdominal 
abscess (one), and other (two). The CRP testing was found to 
have a positive predictive value of 69% and a negative predic- 
tive value of 78%. We conclude that serial CRP measurements 
may be a valuabie adjunct to surgical care in patients at high 
risk of postoperative septic complications. 

(Arch Surg 1987 ;122:69-73) 


he d.agnosis and treatment of bacterial sepsis remains a 
serious problem for the surgeon. In particular, septic 
complications in the postoperative patient may be masked 
by the effects ofthe surgical procedure itself. Postoperative 
pain, fever, taehycardia, confusion, and elevated white 
blood cell ceunt may or may not indicate sepsis. This 
difficulty in Giagnosis usually results in a delay in diagnosis 
until the septic complication is obvious. This delay may 
account for the high morbidity and mortality associated 
with postoperative septic complications.' Thus, a method of 
early deteetion of bacterial sepsis would be a great advan- 
tage to she surgeon and the patient. 
In this study we attempted to detect postoperative septic 
complications by monitoring the host response te such 
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infections. A normal host response to any bacterial infec- 
tion may be considered to be composed of a local inflam- 
matory response and a systemic response. The systemic re- 
sponse is mediated in part by the secretion of interleukin 1 
from activated macrophages. One function of interleukin 1 is 
to stimulate increased synthesis of acute-phase proteins by 
the liver.” One of these acute-phase reactants, C-reactive 
protein (CRP), has certain properties that lend it to use in 
the early diagnosis of bacterial sepsis. In particular, CRP 
has a negligible serum concentration in healthy subjects 
and exhibits an exponential rise in serum concentration 
following an acute insult, followed by an almost equally 
rapid descent to near-normal levels following termination of 
the stimulus. 

In this study, 108 patients undergoing clean-contami- 
nated, contaminated, or dirty surgical procedures were 
prospectively followed up to determine whether daily CRP 
measurements for 14 days following surgery could predict 
the occurrence of septic complications prior to clinical 
diagnosis. 


PATIENTS AND METHODS 
Patient Population 


This study was restricted to patients about to undergo intra- 
abdominal or thoracic surgical procedures between Sept 1, 1984, 
and Aug 31, 1985. Patients scheduled to have clean procedures as 
defined by the American College of Surgeons? were excluded from 
the study because of the expected low incidence of postoperative 
septic complications. Written informed consent was obtained in all 
patients after the study protocol had been fully explained. Greater 
than 50% of all eligible patients about to undergo elective surgery 
agreed to participate in the study. This research study was 
approved by the Human Subjects Review Committee ef the 
University of Toronto. 


Study Protocol 


Identifying information as well as preoperative diagnosis and a 
brief description of the operative procedure were recorded. We 
obtained 6 mL of venous blood immediately prior to the operative 
procedure and each morning following the operation for 14 days 
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Fig 1.—Definition of terms for describing usefulness of C-reactive 
protein (CRP) testing compared with “gold standard,” clinical 
diagnosis. PPV indicates positive predictive value; NPV, negative 
predictive value. 


Table 1.—Anatomic Site of Surgical Procedures 


No. of Patients 


—— eh, 


Elective Emergent 
















Abdominal 
Stomach and duodenum 


Small bowel 
Large bowel 
Biliary tree 





postoperatively or until the patient’s discharge from the hospital. 
The patient’s highest temperature on each day and the results of 
any white blood cell counts done during the postoperative period 
were recorded. No attempt was made to standardize postoperative 
blood work except for the daily CRP measurements. 

Each patient was evaluated daily for 14 days postoperatively by a 
research fellow not involved in the care-of the patient. No attempt 
was made to standardize the patient’s postoperative clinical man- 
agement. Diagnostic criteria for septic complications were defined 
prior to initiation of the study. Septie complications were diag- 
nosed clinically according to criteria adopted from the National 
Nosocomial Infection Study.‘ In general, the diagnosis of a septic 
complication was based on the finding of appropriate signs and 
symptoms and was confirmed by a positive culture. (The criteria 
for diagnosis are available from us on request.) In cases where the 
presence or absence of a complication was uncertain, the final 
decision was made by one of us (R.A.M.). Blood samples for CRP 
were not analyzed until after the patient’s discharge from the 
hospital and hence were not available to influence the clinical 
diagnosis of infeetion. The postoperative day on which a diagnosis 
of a septic complication was made was also recorded. 

The CRP measurements were considered predictive of infection 
if they met either of two criteria definedat the start of the study: (1) 
the CRP levels on postoperative days 3 and 4 were greater than 
80% of the value on postoperative day 2;in this case, the presence of 
infection was considered to be detected on postoperative day 4, and 
(2) after day 4, ifthe serum CRP level rese on two consecutive days 
with the level being greater than 15 mg/L on each day, then the 
presence of infection was considered to be detected on the second of 
the consecutive days. 
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Fig 2.—Daily C-reactive protein (CRP) and temperature values 
following elective, uncomplicated colon resection (designated by 
OR) in 59-year-old man. 


Laboratory Methods 


Blood samples taken by venipuncture were allowed to clot for at 
least 60 minutes at room temperature. Following centrifugation, 
serum was stored at — 70°C until analyzed. The CRP level was 
measured on a laser nephelometer in clinical use at Toronto 
General Hospital.° The measurement error on the nephelometer is 
at most +15%. 

Blood samples were also taken from 14 apparently healthy 
hospital employees to determine the normal range for serum CRP 
level. Eleven of the 14 normal subjects had unmeasurably low CRP 
levels (<13 mg/L). Three normal subjects had CRP measurements 
of 14, 23, and 27 mg/L. 


Statistical Methods 


All patient information and serum CRP measurements were 
recorded on a computer (IBM PC XT) using the program D-Base 
III. Five properties of the CRP diagnostic tests were then 
calculated: sensitivity, specificity, positive predictive value, nega- 
tive predictive value, and overall accuracy. These properties are 
defined in Fig 1. Sensitivity and specificity quantitate how well the 
test correctly identifies patients with and without septic complica- 
tions. The positive and negative predictive values represent the 
probability that the test has correctly predicted the presence or 
absence of a septic complication. These results are reported as 
percentages. 


RESULTS 


Sixty-two women and 46 men aged 24 to 89 years (mean, 
57 years) were studied. Five of these patients underwent 
lung resections and the remaining 103 underwent intra- 
abdominal procedures. Only seven procedures were done as 
emergencies. The type of surgery categorized by anatomic 
location is shown in Table 1. 

The preoperative level of serum CRP ranged from less 
than 12 to 405 mg/L (mean, 44 mg/L) in patients about to 
undergo elective surgery. The preoperative CRP value for 
patients undergoing emergency surgery ranged from less 
than 12 to 351 mg/L (mean, 144 mg/L). s 

Typical sets of temperature and CRP values for elective 
and emergency surgery are shown in Figs 2 and 3. Any 
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Fig 3.—Daily C-reactive protein (CRP) and temperature values 
following emergency laparotomy (designated by OR) for gener- 
alized peritonitis due to perforated appendix in 74-year-old woman. 
No postoperative complications were encountered. 





Table 2.—Predictive Value of Serial 
C-Reactive Protein Determinations 






Predictive Value, % 














Patients With 
All Patients | Complete Blood Work 
(N= 108) (N=67) 





j icti 78 79 
5 78 








Negative predictive value 
Overall accuracy 7 


significant deviation from these patterns was considered a 
positive CRP response as defined above. 

Forty-six septic complications were diagnosed in 40 pa- 
tients (87% prevalence). Thirty-five patients had a single 
septic complication, four patients had two complications, 
and one patient had three complications. These complica- 
tions consisted of wound infections (23), urinary tract 
infections (IL), pneumonia (6), upper respiratory tract infec- 
tions (three), intra-abdominal abscess (one), and other 
(two) (intravenous site infection and acute parotitis). 

The predictive value of serial CRP determinatiens is 
shown in Table 2. Only CRP diagnoses made prior to clinical 
diagnoses were considered positive. Forty-one patients had 
one or more postoperative CRP measurements missing. 
Seventeen patients were missing one value, 19 patients 
were missing two values, three patients were missingthree 
values, and one patient each was missing four and five 
values. Thisresu'ted from either the blood sample not being 
taken or the sample being lost prior to analysis. When data 
from all patients were analyzed, CRP testing was found to 
pvhave a sensitivity of 63% and a specificity of 82%, as well as a 
positive predictive value of 69% and a negative predictive 
value of 78%; the overall accuracy rate for prior detection 
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was 75%. When data from the subset of patients with com- 
plete blood work results were analyzed, these statisties did 
not change appreciably. 


COMMENT 


In 1930 it was observed that the serum of patients with an 
acute febrile illness precipitated with an extract of the 
pneumococcus, C-polysaccharide. The substance responsi- 
ble for this reaction was termed C-reactive protein by 
Abernathy and Avery.’ It is a protein with a molecular 
weight of 120000 and consists of five identical subunits 
arranged in a cyclic pentamer.* Each of these subunits may 
bind in a calcium-dependent manner to certain phespho- 
lipid, polycation, and polycation-polyanion complexes 
found in the membranes of damaged cells, bacteria, and 
fungi. Following its binding, it may activate complement via 
the classic pathway, and it can also bind to and activate 
platelets, lymphocytes, and phagocytic cells. Thus, CRP is 
thought to play an important though not completely under- 
stood role in the host response to trauma and infection. 

The normal serum level of CRP is less than 10 mg/L. 
Following trauma or sepsis, activated macrophages release 
interleukin 1, which stimulates hepatocytes to produce 
acute-phase proteins, and the serum level of CRP rises to 
greater than 100 mg/L within 24 hours. Kinetic studies of 
this response reveal that the rise in serum CRP level is 
exponential, with a doubling time of eight to nine hours.’ 
The serum half-life of CRP is less than 24 hours, and serum 
levels drop precipitously following cessation of the stim- 
ulus. Hence, the serum CRP levels in a patient who under- 
goes surgery and later develops a septic complication might 
be expected to follow one of two possible courses: (1) the 
CRP level rises following an operation and does not fall as 
expected or (2) the CRP level rises following an operation, 
begins to fall normally, and then rises again as sepsis 
becomes established. Indeed, this has been shown to be the 
case in two small groups of patients in whom CRP levels 
were followed up serially in the postoperative period." 
The definition of a positive CRP response used in this study 
was based on these data. 

Further information is available from previously reported 
studies. Peltola? found that by measuring CRP levels in 
children with meningitis, he could distinguish between 
bacterial and viral meningitis with 100% accuracy. Sabel 
and Hanson” found that CRP levels were increased in 16 of 
18 neonates with bacterial septicemia. Similarly, CRP levels 
have been found useful in detecting septic complications in 
patients with systemic lupus erythematosus“ and leuke- 
mia.” In addition, a recently conducted study in Toronto 
demonstrated that CRP measurements were extremely ac- 
curate in predicting chorioamnionitis in pregnant women 
following premature rupture of the membranes." Finally, 
Schentag et al” monitored CRP levels in 97 patients treated 
for abdominal sepsis. They found two patterns of respense 
int patients with unresolved sepsis following initial treat- 
ment. Either the CRP level did not decline as expected or 
the CRP level declined and then later rose. They conduded 
that CRP measurement appeared to be useful in gauging 
the early response to treatment of abdominal infections. 
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However, they were unable to say whether CRP responses 
occurred prior to clinical detection of septic complications. 

This study represents the first attempt, to our knowl- 
edge, to monitor CRP levels in a prospective and systematic 
way in surgical patients. Patients undergoing clean opera- 
tions were excluded so that only patients with a significant 
risk of developing postoperative septic complications were 
studied. All study end points were defined in advance of the 
study. To ensure uniformity and reproducibility, all diag- 
noses of septic complications were either made or confirmed 
by a single observer (the research fellow). To avoid bias in 
diagnosing septic eomplications in this study, CRP results 
were not available until well after the patients’ discharge 
from the hospital. 

The CRP testing turned out to be surprisingly predictive. 
In particular, a normal CRP response to surgery without a 
secondary rise almost completely excluded the possibility of 
a postoperative septic complication, as demonstrated by the 
negative predictive value of 78%. This is reflected in the 
finding that the specificity for this test was 82%. However, a 
positive CRP response was less predictive. The positive 
predictive value of this test was found to be 69%, and again 
this was reflected in the sensitivity finding of only 63%. This 
may be explained by the fact that many nonseptic clinical 
events, such as thrombophlebitis or pulmonary embolus, 
could elevate CRP values.” We made no attempt to diagnose 
or follow up nonseptic complications. Furthermore, some 
septic complications may have been missed either because 
they were subelinical or because they were diagnosed after 
termination of the study. 

Thirty-eight percent of our patients were incompletely 
studied in that one or more CRP values were missing. Miss- 
ing test results are inevitable in routine clinical practice, 
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and it is reassuring that missing values do not appear to 
change our statistics greatly. However, to date we have not 
studied enough patients to be able to calculate the reduction 
in predictive value with one or more missing results. 

As might be expected, daily temperature readings and 
occasional white blood cell counts were of little value in 
alerting the physician to the presence of a septic complica- 
tion. This likely resulted from the fact that most of the 
complications encountered in this study were relatively 
mild. 

Is CRP testing clinically feasible? The CRP values are 
measured on an automated laser nephelometer. Once the 
patient’s serum has been obtained, no further preparatory 
steps are required prior to placing the sample in the 
machine. Hence, CRP testing is rapid. The turnaround 
time for such testing in a routine clinical biochemistry 
laboratory is about four hours. The cost of each CRP 
determination is about 3 US dollars per sample. Hence, 
CRP testing is inexpensive and clinically feasible. 

These results represent a first systematic look at CRP as 
a diagnostic test in surgical patients. Our small sample does 
not allow us to determine in which types of patients CRP 
testing is most accurate. This study will continue for 
another two years for this purpose. We conclude that serial 
CRP measurements may be a valuable adjunct to surgical 
care in patients at high risk of postoperative septic compli- 
cations. 


This study was supported by a grant from the Physicians’ Services 
Incorporation Foundation, Ontario, and the Division of General Surgery, 
Wellesley Hospital, Toronto. 
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Discussion 


E. PATCHEN DELLINGER, MD, Seattle: Dr Mustard and his 
colleagues have examined 108 patients with clean-contaminated or 
dirty surgery, with a 37% incidence of infectious contaminations, 
and asked whether the use of serial CRP levels will enable them to 
diagnose infections before these infections are clinically evident. 
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While this concept is interesting and attractive, I think that some 
specific questions remain. 

On what day was the diagnosis of infection usually made with” 
CRP? In other words, what was the average day of diagnosis when 
the CRP level was abnormal, and the range, and how did this differ 
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from the day on which the clinical diagnosis was made? We are told 
that the CRP response was considered positive or diagnostie only if 
it was abaormal before the clinical diagnosis was made. How much 
earlier were the authors able to make the diagnosis? In other 
words, wnatwas the interval, and how much influence or difference 
in clinical management might stem from the use of CRP measure- 
ment in this manner? 

Another point is that the types of infections diagnosed were 
quite heterogeneous, and the value of early diagnosis is different 
depending on the type of infection diagnosed. The most serious 
infection was a single intra-abdominal abscess, and I think we 
would allagree that an earlier diagnosis of intra-abdominal abscess 
can perhaps save lives and certainly reduces morbidity. 

For the 23 wound infections reported in this study, earlier 
diagnosis may reduce hospital stay, limit soft-tissue injury, and 
reduce hernia formation following wound infection. But for the 49% 
of infectiens that were manifest as urinary tract infection, pneu- 
monia, om upper respiratory tract infection, it seems that the 
diagnosis should be fairly straightforward, and since the method of 
treatmenc, the antibiotic choice, and things of this sort would 
depend on the specific diagnosis, suspecting the infection a day 
earlier by CRP measurements might not be that useful. 

I beliere that the report would be strengthened by ineluding 
tables showing how many diagnoses were made in each of these 
categories by CRP and how many were missed. It gives only 
percentages for sensitivity, specificity, and positive and negative 
predictive values. not actual numbers, which would help us to 
evaluate the actual results. 

I would like to ask the authors what we should do clinically witha 
positive CRP response. If we were to open the wound in every 
patient with a positive CRP response, we would open 40 wounds to 
find 23 infections. 

The authors also told us the positive and negative predictive 
values, and Iam sure they realize that this strongly depends on the 
overall incidence of infectious complications. If you perform this 
test in a patient population with a lower incidence of infectious 
complications, you will have a lower positive predictive value but a 
higher negative predictive value. Therefore, patient population in 
which this test is being performed is important. 

Grorc= H. A. CLowss, Jr, MD, Boston: This is a very 
interesting application of the use of the acute-phase response, 
something we have monitored for many years. I have a few 
comments. 

First, Dr Musterd described a patient who did not seem to have 
an adequate response of the CRP but then developed an infection. 
This seers to me to be characteristic of the patient who dees not 
respond with an appropriate metabolic response to the level of 
interleuken Land proteoglycan-inducing factor in the blood. Here is 
an indicator of a person who has a metabolic defect. 

Second. CRP monitors very closely the secretion of all these 
agents that we generally call acute phase, such as complement and 
fibrinogea. I would suggest that this in its own right is of value to 
tell us about a variety of patients who do well and who do poorly 
with infection. 

Finally, CRP is an indicator that is far more sensitive than fever 
or even leakocytosis, for the reasons that Dr Mustard gave. We find 
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that it correlates very exactly, however, with the whole total 
protein secretion of the liver. 

Nico.as V. Curistou, MD, Montreal: I am more interested in 
the mechanism of what is happening here, and I would like to ask 
the authors to explain one of their hypotheses, ie, that this 
mechanism may be mediated by interleukin 1 produced by macro- 
phages. Hooper and Dinarello showed very nicely, using rat 
hepatocytes in 1981, that interleukin 1 mediated the downshift of 
albumin synthesis and an upshift of acute-phase proteins. Have the 
authors measured the albumin levels in these patients, and if so, 
was it the opposite of CRP synthesis? 

RicHARD Bax, MD, United Kingdom: This is a follow-up to Dr 
Clowes’ question. What is the accuracy rate for prior detection of 
infection that was found looking at both fever and leukocytosis 
when compared with CRP? In other words, was CRP better or 
worse than these two indexes? 

Dr Mustarp: Dr Dellinger, you asked about the day of the CRP 
diagnosis and how it related to the day of the clinical diagnosis. 
These data were not included because I believed that we did not 
have enough complications to say something definitively; however, 
it appears that almost all of the diagnoses were made on postopera- 
tive day 4. Very few of the patients actually had that late secondary 
rise that I showed on the slide, so I think this ties in quite nicely 
with the concept of the early decisive period. 

As to the types of complications, again, I do not really think that 
we have enough patients to be able to state for which specific 
complications CRP is particularly useful and for which ones it is 
not. Certainly, the complications encountered in this group of 
patients were relatively minor, and that is to be expected since they 
are almost entirely patients undergoing elective surgery. 

The data represent only the first year of data of a three-year 
ongoing study at the Wellesley Hospital; now we are making 
considerably more efforts to enroll emergency patients into this 
study, because they obviously will have a higher incidence of 
complications. I hope that in a year or two I can provide data about 
some more severe types of complications. 

You mentioned the one patient with an abscess. This is the sort of 
patient, I think, who can most benefit from CRP measurement. If 
we could show that most patients who later develop an abscess did, 
in fact, have a positive CRP response on postoperative day 4, then 
such a response could indicate the need for early computed 
tomography to diagnose an abscess before its clinical appearance. 
The abscess could then be drained percutaneously before the 
patient became ill. 

Drs Christou and Clowes raised some points about mediators. I 
cannot comment on that. We did not measure albumin, and made no 
other attempts to standardize either treatment or blood testing 
after the surgery other than measuring CRP. 

Dr Bax asked about fever and leukocytosis. We collected data on 
fever and leukocytosis. We took the highest temperature daily and 
entered that in our database along with any white blood cell counts 
that were done as clinically indicated. Although I cannot quantitate 
this, it was certainly our impression that fever and leukocytosis 
were not particularly good indicators of infection, particularly for 
these rather minor infections. 
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Comparison of Quantitative Microbiology and 


Histopathology in Divided Burn-Wound 


Biopsy Specimens 


Albert T. McManus, PhD; Seung H. Kim, MD; William F. McManus, MD: Arthur D. Mason, Jr, MD; Basil A. Pruitt, Jr, MD 


è We examined the association between quantitative micro- 
biologic results and histopathologic findings in divided bi- 
opsy specimens from 200 burned patients. Microbiologic 
counts were determined as log, colony-forming units per 
gram of disrupted tissue. Histopathologic results were scored 
on a scale of 1 to 6. values of 4 or greater indicating microbial 
invasion of viable tissue. Agreement of 96.1% was found 
between negative cultures, arbitrarily identified as those with 
fewer than 5 logs/g, and histologic absence of invasive infec- 
tion. In sharp contrast, however, histologic invasion occurred 
in only 36% of specimens with positive cultures. Though low 
tissue counts are essentially synonymous with negative histo- 
logic findings, quantitative microbielogy is not a diagnostic 
substitute for histologic examination, since high tissue counts 
quite commonly do not indicate invasion. The principal value 
of quantitative burn-wound biopsies is the demonstration of 
predominant burn-wound flora. 

(Arch Surg 1987;122:74-76) 


he burn wound is the most obvious potential source of 

sepsis for the seriously burned patient. Despite im- 
provements in antibiotics and the development of topical 
antimicrobial burn treatments, burn wounds commonly 
become colonized with potentially invasive organisms 
derived from both endogenous and exogenous sources. 
Management of burned patients after resuscitation and 
during the time when wounds are open is, in large part, 
guided by observations of the condition of the wound. 
Evaluation of the level of control of microbial growth is a 
critical factor in instituting furthersteps to prevent or treat 
burn-wound sepsis. Several quantitative culture techniques 
have been proposed as means of estimating the microbial 
density in burn wounds."* Densities of 10*, 10°, and 10° per 
gram of tissue have all been proposed as diagnostic of burn- 
wound infection. We examined the correlation between 
quantitative cultures and diagnostic histologic findings” in 
paired samples from burn-wound biopsy specimens from 
200 patients. 
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PATIENTS AND METHODS 


Biopsy specimens for analysis were selected for each patient on 
the basis of their being the first postadmission diagnostic biopsy 
specimen submitted for quantitative culture and histologic ex- 
amination. The demographic characteristics of the 200 patients 
sampled are presented in Table 1. The mortality of 58.5% docu- 
ments the severity of injuries in this group. The distribution of 
postburn times at which biopsies were performed is presented in 
Fig 1. The average time of biopsy was 18 days after injury, and the 
median was nine days. Biopsy specimens were divided by the 
surgeon; one half was sent to the histology laboratory and the other 
to the microbiology laboratory. Histologic examination was per- 
formed on sections prepared by a rapid technique,’ and results 
were reported within four hours as infection or no infection on the 
basisof presence or absence of organisms in viable tissue subjacent 
to the burn wound.’ The stage of infection or colonization was 
scored on the following scale: 1, superficial colonization; 2, penetra- 
tion of nonviable tissue; 3, growth at viable-nonviable interface; 4, 
microinvasion; 5, florid or generalized invasion; and 6, micro- 
vascular invasion. Grades 1 through 3 represent progressive 
depths of colonization of nonviable tissue, while grades 4 through 6 
represent increasing depth of invasive infection. 

Cultures were performed after disruption of the specimens with 
Ten-Broeck glass homogenizers using tryptic soy broth as diluent. 
The disrupted specimen was serially diluted, and organisms were 
counted by pour-plate culture using tryptic soy agar. Colonies were 
counted after 24 and 48 hours of aerobic incubation at 35°C. The 
disrupted sample was also plated for fungus isolated by inoculating 
Sabouraud’s agar and incubating for as long as five weeks at room 
temperature. 

Pearson’s correlation coefficient and Spearman’s rank correla- 
tion coefficient were calculated from the paired numeric histology 
grades and the log,, colony counts of quantitative cultures. 


RESULTS 


Invasive wound infection was identified in 39 of the 200 
biopsy specimens. The distribution of negative and positive 
biopsy specimens as a function of the results of quantitative 


Table 1.—Characteristics of 200 Patients Undergoing Biopsy 


Variable 


Mean age, y (range) 

Mean total burn area, % (range) 

Mean total 3rd-degree burn, % (range) 
Mean postburn day of biopsy (range) 
Sex, M/F 

Mortality, No. (%) 


Value 


37 (1-88) 

54.1 (6.8-96.5) 
29.3 (0-86) 

13 (1-88) 
168/32 

117 (58.5) 
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Fig 1.—Frequeney distribution of examined burn-wound biopsy 
specimens by time after injury. 


culture is presented in Table 2. Analysis of these data 
showed a significant correlation (r=.59, P<.05) between 
histology gradeand log of culture growth. Figure 2 displays 
these data as the percentage of positive and negative 
histologic findings at each log count. As can be seen, the 
greatest correspondence between histology grade and mi- 
crobial growth was that between negative histologic find- 
ings and low counts. At least half of all biopsy speeimens 
were histologically negative for infection at all growth levels 
less than 10° organisms per gram. 

In an attempt to analyze the data further, we used a 
frequently quoted yet arbitrary level of 10° organisms per 
gram toassign the biopsy specimens to culture-positive and 
culture-negative sets. These two populations were then 
examined for the frequency of positive and negative histo- 
logic findings. Again, the most comprehensive statement 
that can be made is that negative histologic findings agreed 
with growth of less than 5 log units 96.1% of the time (Table 
3). In less than 49% of cases was there a histologic diagnosis 
of infect:on when the culture density was 10° organisms per 
gram orhigher. Changing the density of organisms defining 
infection te either 10* or 10° per gram of tissue did not 
influence the disparity. 

The histologie findings of organisms seen causing the 39 
wound infections were next compared with the types of 
organism cultured. There were 29 cases of invasive infection 
due to gram-negative bacilli, two cases of invasive infection 
due to gram-positive cocci, and eight cases of invasive 
fungal infection. Culture results agreed with all histo- 
logically diagnosed bacterial infections and five of eight 
histologically diagnosed fungal infections (Table 4), for an 
overall azeuracy of 92%. 


COMMENT 


The purpose of this study was to determine the extent to 
which quantitative cultures of burn-wound biopsy spec- 
imens are consistent with histologic diagnoses of invasive 
x wound infeetion. As logic predicts, low levels of microbial 
growth in tissue were associated with negative histologic 
findings. Only four instances of invasive wound infection 
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Fig 2.—Frequency of negative and positive histologic findings in 
burn-wound biopsy specimens by quantitative culture results (log,, 
organisms per gram). 


Table 2.—Quantitative Biopsy Results vs Histopathologic 
Findings 
Histopathologic Finding 
Positive 


Log Count* Negative 





*LOg,> organisms per gram. 


Table 3.—Positive Culture* vs Positive Histopathologic 
Findings 


Histopathologic Finding, % 


Positive 


Negative 
96.1 
64.3 
80.5 





*Culture positivity based on an arbitrary criterion of 105 organisms per 
gram. 


occurred in 102 specimens with microbial densities of less 
than 10° organisms per gram; two of these infections were 
fungal. The antinomy is that high levels of microbial growth 
were more often associated with negative histologic find- 
ings indicative of bacterial growth in nonviable tissue than 
with invasive wound infection. Thus, it appears that histo- 
logic and microbiologic diagnostic techniques yield equiva- 
lent information in clean wounds, but that there is no 
microbial density that, taken alone, permits the diagnosis of 
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Table 4.—Histopathologic Findings and Organisms Cultured 

























Histopathologic Organism No. of 
Finding Cultured Cases 
Gram-negative rods Pseudomonas aeruginosa 
Klebsiella pneumoniae 4 
Pseudomonas fluorescens 1 
Providencia stuartii 1 
Serratia marcescens 1 
Total 29 
Filamentoas fungi Aspergillus species 2 
Fusarium species 2 
Rhizopus species 1 
None* 3 
Total 8 





*Not diagnesed by culture. 


invasive wound infection. At most, a high density indicates 


the need fcr histologic examination. Clearly, these findings 
indicate that diagnoses of burn-wound infection and thera- 
peutic interventions based on quantitative microbiologic 
techniques suffer a lack of specificity. 

The good agreement between the histologic and micro- 
biologic identifications of infecting organisms shows that 
cultures should be viewed as an adjunct to histologic 
examinatien of a burn-wound biopsy specimen. In the usual 
clinical sitaation, therapy for invasive infection is instituted 
before the results are available. Despite the 24 to 48 hours 
required tə obtain the information, such cultures do provide 
useful species identifications and information concerning 
antibiotic and chemotherapeutic sensitivity of the invading 
organisms. Such qualitative information, however, may not 
necessarily require quantitative culture technique. 
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Discussion 


CHARLEs E. HARTFORD, MD, Chester, Pa: It has been my long- 
standing @ntention that the results ef burn-wound biopsy quan- 
titative cu ture bear no relationship te the clinical condition of the 
patient and that the results of the quantitative count are of no value 
in managing a patient. Therefore, I wish to thank the authors for 
bringing t our attention additional information that drives yet 
another neil into the coffin of this test. 
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On the other hand, I concur that the histologic examination of 
subeschar tissue to determine the presence or absence of invasive 
infection is of value. This is a reaffirmation of a recommendation 
made by Pruitt and Foley‘ in 1973. The material in this report is 
well presented by Dr McManus and his cohorts, not overin- 
terpreted, and the conclusions are appropriate; so I will provide 
the overinterpretation. 

From a historical perspective, one might theoretically consider 
that microbial counts or microbial densities would have value in 
predicting burn-wound sepsis. However, the information that 
substantiates this has not been forthcoming. 

It is critically important to correlate bacterial counts with the 
clinical condition of the patient. However, although not specifically 
stated in the report, I assume that the reason for performing the 
biopsy was because the patient was clinically ill from sepsis. If that 
is in fact the case, and one uses 10° or 100 000 organisms per gram of 
tissue as the critical point, then one half of the bacterial counts 
were positive and one half were negative, and one cannot draw 
conclusions from this kind of a result. 

We looked at this issue as a function of postburn time. We studied 
a group of patients at high risk for burn-wound infection and 
systematically did quantitative counts. This display shows that by 
the end of the first postburn week 80% of the patients had the 
clinical manifestations of sepsis, but only 15% of them had positive 
wound biopsy quantitative counts. This relationship has a high 
degree of statistical significance, with a P value of 5x10~°, 
indicating that the presence of clinical sepsis and a positive biopsy 
specimen during the first week are not related. The same rela- 
tionship holds during the second week, but our data suggest that 
during the third or fourth week there may be a relationship 
between the clinical condition of the patient and a positive biopsy 
specimen. Those who advocate the use of quantitative counts 
maintain that the usefulness of this test is diminished by this time. 

There are causes for sepsis in the burned patient other than the 
wound, and we looked at those patients with inhalation injury. If 
one separates out those patients with inhalation injury, one would 
conclude that the major source of sepsis would be the wound. We 
did quantitative counts in those patients and could also find no 
difference between those who were septic and those who were not. 

I would like to ask Dr McManus to comment on the indications for 
biopsy, how the sites were chosen, and to describe the patient’s 
clinical condition in reference to the results of not only the 
quantitative counts but also the histologic results. 

Davip AHRENHOLZ, MD, St Paul: I would like. to echo Dr 
Hartford’s questions regarding indications for wound biopsy and 
ask what the correlation was between clinical sepsis, as evidenced 


by changes in mental status, hypotension, oliguria, decreasing Y 


platelet count, hypoglycemia, and so forth, and results of the 
burn-wound biopsy. Also, did you begin treatment with antibiotics 
in patients with positive biopsy specimens who were clinically 
stable? 

Dr McManus: As I said, these were 200 patients and 200 
biopsies, one biopsy performed in each patient. There was no 
prospective analysis of any patient by use of serial biopsies. I 
showed you that the mortality for this group was 58%, which 
indicates that these were serious burns. All of the biopsy spec- 
imens presented were for diagnosis. Patients were septic or 
considered to be questionably septic at the time of biopsy. 

The purpose of this was to evaluate these two laboratory tests. 
We did look at mortality as a function of positive histologic or 
culture findings as a bottom line. The patients who had positive 
pathologic findings had a significant increase in mortality com- 
pared with patients who did not have positive findings. However, i 
patients who had a positive culture based on 10‘ or 10° or 10° 
organisms, there was no correlation with survival. 
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Supplemental Dietary Tyrosine in Sepsis 


and Acute Hemorrhagic Shock 


Ronald Simon, MD; Warren Wetzel, MD; Kim Winsey, MD; Stanley M. Levenson, MD; Achilles A. Demetriou, MD, PhD 


è Previous studies showed that dopamine and norepi- 
nephrine levels in rat brain are reduced following stress and 
that rats fed supplemental tyrosine do not exhibit these reduc- 
tions. We hypothesized that dietary supplementation with 
tyrosine would enhance resistance to acute hemorrhagic 
shock and sepsis by increasing substrate (tyrosine) availa- 
bility for catecholamine synthesis. Rats were fed either a 
standard rat chow (6.8 g of tyrosine per kilogram of chow), 
which supperts normal growth, fertility, and longevity, or the 
same chow supplemented with 10 g of tyrosine per kilogram of 
chow. Seven days later, the rats underwent cecal ligation and 
perforation while uncer intraperitoneal pentobarbital anesthe- 
sia. There was a significant increase in survival in the tyrosine- 
supplemented group. Similarly, in another experiment, tyro- 
sine-supplemented rats were able to tolerate acute fulminant 
hemorrhagic shock better than were nonsupplemented control 
animals. 

(Arch Surg 1987;122:78-81) 


atecholamines play an important role in the ability of 
the body to withstand stress. Following stress (cold 
swim, tail shock), changes in behavioral patterns of rats 
have been found in addition to reduced brain levels of 
catecholamines."* Higher levels of catecholamines are found 
in the brains of rats after administration of tyrosine. 
When such rats are subjected to stress, they do not exhibit 
either the changes in behavior or the reduction in brain 
catecholamine levels seen in the non-tyrosine-supple- 
mented, stressed rats. The role of catecholamines in shock 
has been extensively studied.** We hypothesized that die- 
tary tyrosine supplementation would enhance catechola- 
mine production and increase the ability of rats to tolerate 
severe stress, specifically sepsis and hemorrhagic shock. 


MATERIALS AND METHODS 
Animals 


Adult, male, Sprague-Dawley rats weighing 250 to 325 g were 
used. The animals were housed individually in No. 2 mesh stain- 
less-steel cages at a constant temperature (24°C to 26°C) and 
relative humidity (40%) in an inside room with a 12-hour day-night 
cycle. The animals were acclimatized to our laboratory conditions 
for seven days prior to their use in the experiment. 
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Diets 


Control diet consisted of a standard laboratory chow that 
supports normal growth, fertility, pregnancy, parturition, lacta- 
tion, and longevity. It contains 234 g of protein per kilogram of diet 
(6.8 g of tyrosine per kilogram of diet). The tyrosine-supplemented 
diet consisted of the same standard laboratory chow, to which 10 g 
of tyrosine per kilogram of chow was added gradually while mixing. 
The diet was mixed for two hours. The rats were placed on their 
respective diets for seven days preoperatively and were main- 
tained on those diets throughout the experiment. All rats were 
allowed free access to food and tap water. Weights were recorded 
serially throughout the experiment. 


Operative Procedures 


Surgical procedures were carried out with the animals under 
intraperitoneal pentobarbital anesthesia (5 mg/100 g of body 
weight). 

Sepsis.—Cecal ligation and perforation were performed by a 
modification of the method described by Chaudry et al.° The 
abdominal hair was clipped and the abdomen cleansed with alcohol. 
A 2.5-em midline abdominal incision was made; the cecum was 
delivered through the incision and ligated with a 4-0 silk tie, with 
care taken not to obstruct the ileocecal junction. The ligated, 
ischemic cecum was then punctured once with an 18-gauge needle. 
The abdomen was closed in one layer using 3-0 silk continuous 
suture. 

Acute Fulminant Hemorrhagic Shock.—Each femoral artery 
was cannulated (No. 24 Angiocath) following an incision in each 
groin under aseptic conditions. One cannula was connected to a 
transducer, and blood pressure (BP) was monitored continuously. 
The ether cannula was used for blood withdrawal. Following a ten- 
minute equilibration period, the BP was recorded and 1 mL of blood 
was removed from each rat; BP was recorded at 2, 5, and 10 
minutes. After the ten-minute recording, another 1 mL of blood 
was removed and the cycle was repeated until cardiac arrest 
occurred. 


Experimental Design 


Sepsis.—Fifty rats were divided randomly into control diet and 
tyrosine-supplemented diet groups. Following seven days on their 
respective diets, rats underwent cecal ligation and perforation 
while under intraperitoneal pentobarbital anesthesia. Animal 
weight was recorded daily. Colonic temperature was obtained daily 
with an electronic probe. Blood was drawn from the tail vein for 
white blood cell (WBC) determinations and differential cell counts. 
Animal survival was followed up every six hours for the first 72 
hours and every 12 hours thereafter. On the 14th postoperative day, 


all surviving rats were killed by ether overdose, and the peritoneal ¥ 


inflammatory reaction was graded by two independent observers 
in a blind-coded fashion (grade 1 to 4): grade 1, a well—walled-off 
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Fig 1.—Effect of dietary supplementation with tyrosine on colonic 
temperature in surviving rats after cecal ligation and perforation. 


Findings in Acute Hemorrhagic Shock Experiment 


Tyrosine- 
Supplemented 
4.1 +0.06 


Control 


Plasma volume, mL/100 g 3.9+0.4 
of body weight 
Hematocrit, % 46.4+0.6 
(0.46+ 0.006) 


5.8+03 


47.8+0.5 


(0.48 + 0.005) 
Blood volume, mL/100 g 6.2+0.6 


of bedy weight 





abscess, no free peritoneal fluid; grade 2, walled-off abscess, small 
amount of free peritoneal fluid, and patchy areas of cecal wall 
necrosis; grade 3, poor localization of the inflammatory process, 
moderate amount of free peritoneal fluid, and gangrenous cecum; 
and grade 4, no walling off of the cecum, large amount of free 
hemorrhagie fluid in the peritoneal cavity, and extensive gangrene 
and hemerrhage of the cecal wall. 

Acute Fulminant Hemorrhagic Shock.—Forty rats were di- 
vided randomly into control and tyrosine-supplemented groups. 
Following seven days on their respective diets, rats underwent 
cannulation of their femoral arteries and intermittent removal of 
blood as described. All animals were weighed preoperatively. To 
determine whether dietary tyrosine supplementation affects circu- 
lating blood velume, an experiment was carried out in which a 
control group of rats (n=5) and a tyrosine-supplemented group 
(n=5) were used to determine circulating plasma volume by the 
Evans blue dye method.” Hematocrits were measured and blood 
volumes caleulated. The percentage of blood volume removed was 
calculated as the total blood volume removed (in milliliters) divided 
by the estimated starting blood volume (in milliliters). The esti- 
mated starting blood volume was 6% of the body weight as 
determined in our laboratory; this was consistent with values 
reported in the literature. 

Statistical analysis of data was carried out using the x* method 
for analyzing animal survival and Student's t test for all other data. 


RESULTS 
Sepsis 


Survival in rats given supplemental tyrosine (19/25, 76%) 
was significantly improved (P<.02) compared with that of 


, the nonsupplemented group (6/25, 24%). All rats that died 


had severe peritonitis and died in the first three days 
postoperatively. Surviving rats were killed by ether over- 
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Fig 2.—Effect of dietary supplementation with tyrosine on periph- 
eral white blood cell (WBC) count in surviving rats after cecal 
ligation and perforation. 
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Fig 3.—Pathway for synthesis of catecholamines from tyrosine. 


dose at 14 days. In the surviving rats, there were no 
significant differences in patterns of body weight change, 
colonic temperature (Fig 1), or WBC and differential cell 
counts (Fig 2). There was no significant difference in 
peritoneal inflammatory reaction in surviving rats between 
the control (grade, 2.5+0.3) and tyrosine-supplemented 
(grade, 2.1+ 0.2) groups. 


Acute Hemorrhagic Shock 


Plasma volume, hematocrit, and calculated blood volume 
were similar in the two groups of rats (Table). When 
subjected to acute hemorrhage, the tyrosine-supplemented 
rats were able to withstand the withdrawal of 58.3% + 3.6% 
of their total blood volume compared with only 
39.2% +2.8% in unsupplemented controls (P<.01). 


COMMENT 


The initial stage of catecholamine synthesis is the conver- 
sion of tyrosine to dihydroxyphenylalanine (DOPA) by the 
enzyme tyrosine hydroxylase (Fig 3). Under normal cendi- 
tions, when the substrate (tyrosine) level is elevated, eate- 
cholamine production is increased.*° During stress, despite 
increased activity" and concentration” of brain tyresine 
hydroxylase, brain norepinephrine levels fall, refleeting 
presumably an increased rate of norepinephrine catabo- 
lism.'*” This reduction correlates with behavioral changes 
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in aggression and locomotion. Brady et al' subjected tyro- 
sine-supplemented and non-tyrosine-supplemented rats to 
stress and showed that tyrosine-supplemented rats did not 
exhibit either the behavioral changes or the reduction in 
brain levels of norepinephrine seen in the control group. 
These findings were confirmed in later studies by Lehnert 
et al’ and Reinstein et al.* 

Acute hemorrhage activates the sympathetic nervous 
system, causing increased demand for catecholamines.®’ 
Conlay et al*® bled rats until their BP was 50% of the 
starting value. Rats were then given either an intravenous 
bolus of tyrosine or an equal volume of normal saline. Rats 
given tyrosine had a rise in BP significantly greater than 
that in rats given normal saline. Neither brain nor plasma 
levels of norepinephrine were measured, but adrenal norep- 
inephrine levels were increased in the tyrosine-treated 
group. 

Our results are consistent with those of these prior 
studies and demonstrate that dietary supplementation with 
tyrosine has a beneficial effect in stress. In our experimen- 
tal rat model of sepsis (cecal ligation and perforation), 
tyrosine supplementation significantly increased survival. 
All deaths took place in the first 72 hours, and rats that 
underwent autopsy had severe peritonitis. It is possible 
that supplemental dietary tyrosine increases catecholamine 
availability, resulting in enhanced eatecholaminergic sup- 
port of the cardiovascular system (eg, on BP, heart rate, and 
distribution of blood flow), which plays a critical role in the 
early phase of sepsis. Rats surviving this early phase are 
then able to control the infection. This would explain the 
lack of differences in peritoneal inflammatory reaction, 
peripheral WBC count, and colonic temperature among 
surviving rats. 

Dietary supplementation with tyrosine improved the 
ability of rats to tolerate acute fulminant hemorrhagic 
shock. During acute hemorrhage, catecholamines are nec- 
essary to maintain peripheral vasoconstriction and prevent 
cardiovascular collapse and death. Supplemental tyrosine 
may increase the availability of catecholamines, thus 
enhancing the ability of rats to tolerate acute hemorrhage. 
Tyrosine supplementation did not increase starting circu- 
latory plasma volume, hematocrit, or calculated blood vol- 
ume; thus, the observed effect is not due to an alteration in 
these measures. 

In conclusion, our results indicate that dietary supple- 
mentation with tyrosine enhances the ability of rats to 
tolerate severe intra-abdominal sepsis and acute fulminant 
hemorrhage. These observations may have important im- 
plications for patient care. 


This study was supported by Army Medical Research and Development 
Command Contract DAMD-17-C-2091 to the Albert Einstein College of 
Medicine, Bronx, NY; the Department of Surgery Research Fund; and 
grant SKO6-GM14208, Research Career Award (Dr Levenson) from the 
National Institutes of Health, Bethesda, Md. 
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Discussion 

Joser E. Fiscuer, MD, Cincinnati: The hypothesis put forward 
by Dr Simon and his coauthors is attractive but perhaps not 
straightforward. 

The suggestion by Wurtman and colleagues’ that dietary tyro- 
sine mcreases brain catecholamines at all concentrations is no 
longer accepted, and I think therein lies the crux of the report 
being discussed. Wurtman et al pointed out that supplementing 
dietary tyrosine over a wide range of concentrations increased 
brain dopamine and norepinephrine, but the difference between 
the two groups at a relatively low dose of tyrosine is such that 
Statistical significance is achieved only if there is a 1% difference 
between the brain norepinephrine in the two groups; in other 
words, the measurement is at least one order of magnitude more 
exact. than that achieved by any other laboratory over the past 
three decades and, thus, has not necessarily been accepted. 

More recent works concerning the relationship between paren- 
terally administered tyrosine and brain epinephrine and norepi- 
nephrine make it very clear that the relationship between supple- 
mental dietary tyrosine or parenteral tyrosine and increasing 
brain norepinephrine is not an open-ended phenomenon. For 
examole, Magawy and Williams showed that parenterally adminis- 
tered tyrosine given intraperitoneally to rats increased brain 
norepinephrine and dopamine only up to a concentration of 
20 mg/kg and that with a concentration above 50 mg/kg there was 
no inerease in brain dopamine and norepinephrine. 

The reason for that relationship is that it is intentionally very 
comp icated; the synthesis of dopamine and norepinephrine in the 
brain is precisely this complicated, with a series of feedback 
inhibitions. To say that the only controlling feature is tyrosine-3- 
hyércxylase is probably understating the case. 

There are two points that need further discussion. First, the way 
that Km operates in most mammals is that an increase in dietary 
tyros ne tends to be decarboxylated primarily to tyramine and 
then to octopamine because the normal concentration of tyrosine in 
the mammalian brain is very close to the Km of the enzyme 
tyros ne-3-hydroxylase. Thus, the working hypothesis here, that < 
increased dietary tyrosine yields brain norepinephrine and 
dopamine in increased amounts, is open to question. 
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The second point is that a very interesting phenomenon is 
reported here, ie, that increasing dietary supplemental tyrosine 
for a week before the experiments appears to yield an increased 
survival. The authors have tried to show that this is at least not an 
increase in WBC count or other mechanisms such as nonspecific 
increase in plasma volume. 

I have a number of questions. First, if you give rats an increased 
amount of an individual amino acid, they probably will not eat the 
offered diet, being fastidious as they are. Did you measure the food 
intake in the two groups of rats? If so, was there any difference in 
the two? 

Second (and this is really the crux of the issue), since 10 g/kg is far 
in excess of the 20- to 50-mg/kg parenteral dose of tyrosine, which 
yields increased brain norepinephrine and dopamine, did you 
actually measure the brain norepinephrine and dopamine? Ob- 
viously, that is critical. Most of the experiments that have 
attempted to carefully document the stopping point of the increase 
in dopamine and norepinephrine have been done with parenteral 
tyrosine; thus, the literature is unclear as to what oral dose will 
stop the increase in dopamine and norepinephrine. 

Third, most of the presumed effects in the hemorrhage experi- 
ment are probably due to the peripheral effects of dietary tyrosine. 
In other words, if there is any effect on catechols, it would be in the 
peripheral sympathetic nervous system. The brain may contrib- 
ute, but there is probably greater importance to peripheral 
vasoconstriction secondary to the amount of catechol stored in the 
peripheral sympathetic nervous system. My question, then, is, 
have you measured heart norepinephrine, salivary gland norepi- 
nephrine, celiac plexus norepinephrine, or any of the other norepi- 
nephrines, and perhaps adrenal epinephrine? 

This report presents a very interesting phenomenon, and I am 
sure it will lead to even more extensive research. 

CLayron H. SHatney, MD, Jacksonville, Fla: I echo Dr 
Fischers comments about the measurement of the levels. I have 
two other concerns that are actually model concerns. One is that 
you mentioned you had utilized the model by Chaudry and co- 
workers.’ I did not hear you say that you had given either 
intraperitoneal or intravenous fluid as a bolus, which was part of 
their model. That may account for the fact that your survival rate in 
the sepsis model is about one half of the five-day survival in the 
model by Chaudry et al. 

The reason I mention this is that it has been shown that if you 
don’t control for the volume status in a septic model, survivability 
can be quite variable. Therefore, your significant difference be- 
tween the two greups may be related to the lack of a standardized 
volume restoration protocol, which was part of Chaudry’s model. 

Second, I think you have sort of mixed and matched two issues 
here. One is long-term survival, which is the sepsis model, and the 
other is just acute tolerance to blood loss, which is your hemor- 
rhagic shock model. When talking about survival from shock, I 
think that one has to differentiate, especially when talking about 
patients, what your goal is. Is it to help patients live a few hours 
longer or te return them productively to society? I believe that 
animal models should reflect patient goals. In patients who suf- 
fered trauma, for example, you would like to enhance the stress 
reactor response in the hope that the patients will live long enough 
to get to the hospital, where treatment might save them. On the 
other hand, in patients with sepsis, I think we really ought to look 
at long-term survival. 

I would appreciate comment on some of these methodologic 
differences. 

Brian M. FREED, MA, Albany, NY: It is possible that tyrosine 


is acting-as an antioxidant. It is a weak electron donor at neutral 


pH, although the rate of reaction is increased at low pH. Have you 
tried other amino acids that were also electron donors, such as 
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cysteine or methionine? If it were due to an antioxidant mecha- 
nism, these amino acids would probably be more effective. 

GEorRGE H. A. CLowes, JR, MD, Boston: There is no question 
that part of the standard response to stress is making available 
tyrosine and phenylalanine to the system. This year we published a 
comparison of people who survived and people who died of the 
amino acid clearance. In these humans with sepsis, the clearance of 
tyrosine is significantly greater in those who survived, and 
tyrosine and other amino acids are made available by protein 
breakdown, which is also greater. 

The question, of course, that immediately arises when such data 
are presented is, why not give the patients some amino acids 
peripherally by parenteral alimentation? When you do that, you 
find that the persons who are going to die still have lesser 
clearances than those who are going to survive. So, there is an 
inherent difficulty, not with supply of tyrosine and other amino 
acids, but with the ability to use them in the human who dies of 
sepsis. 

Dr Simon: Concerning the questions of Dr Fischer, more recent 
work by Drs Wurtman and Conlay has shown that there are 
beneficial effects in experimental animal shock models following 
administration of tyrosine by various routes (intravenous, in- 
traperitoneal, and enteral). Specifically, Conlay et al examined an 
experimental animal model similar to our shock model and showed 
that rats rendered hypotensive by bleeding to 50% of their initial 
blood velume had a greater pressor response when given tyrosine 
rather than normal saline parenterally. Thus, tyrosine does appear 
to have an effect in this animal model. 

The question concerning tyramine has also been addressed by 
Conlay et al” in 1984. These investigators showed that tyramine did 
not have the beneficial pressor effect of tyrosine in the same 
hemorrhagic shock model described above. 

Concerning differences in food intake or weight gain in the 
various experimental and control groups, none were found in this 
study. 

We did not measure levels of tyrosine, epinephrine, and norepi- 
nephrine in the brain or other tissues in this study, but we plan to 
do this in future studies. 

Concerning the effect of tyrosine on the peripheral sympathetic 
nervous system, Conlay et al carried out a study of shock in 
adrenalectomized rats and showed that the pressor effect of 
tyrosine was reduced in the adrenalectomized rats, suggesting 
that the tyrosine effect in the hypotensive animals was mediated 
through the peripheral sympathetic nervous system. In addition, 
adrenal epinephrine levels were measured and found to be in- 
creased in the adrenal gland of the tyrosine-treated animals. 

Concerning Dr Shatney’s comments about our experimental 
animal model of sepsis, we did use a modification of the model by Dr 
Chaudry and colleagues’ in which we do not administer fluid 
following cecal ligation. We found a beneficial effect of tyrosine in 
this particular model of animal sepsis. 

In the animal sepsis model, it appears that tyrosine supplemen- 
tation improves early survival. Once the animals survive the early 
critical period, they appear to fare similarly in both contrel and 
experimental groups. We believe that the early period following 
sepsis is critical. The effect that we see may be due to an inability of 
the body to supply enough catecholamines to support the car- 
diovascular system at a time when catecholamine demand is very 
great. It is possible that increased tyrosine availability results in j 
increased catecholamine production during this critical period of | 
sepsis, which results in enhanced survival. | 

We did not examine the effect of other amino acids in the studies 
presented herein. | 
Finally, we did not examine the intestinal bacterial flora in the i 

| 
| 
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Skeletal Microcirculatory Responses to 


Hyperdynamic Escherichia coli Sepsis in 


Unanesthetized Rats 


Henry M. Cryer, MD; R. Neal Garrison, MD; Herman W. Kaebnick, MD; 


Patrick D. Harris, PhD; Lewis M. Flint, MD 


e To determine the microvascular site of vasodilation during 
hyperdynamic sepsis, we measured arteriolar and venular 
responses to live Escherichia coli bacteremia in the rat cre- 
master muscie by direct in vivo videomicroscopy. Our data 
indicate that cardiac output (by thermodilution) increased, 
systemic vascular resistance decreased, and a differential 
arteriolar response occurred, with constriction of large ar- 
terioles and dilation of small terminal arterioles. We conclude 
that dilation of small terminal arterioles in skeletal muscle 
could contribute to decreased systemic vascular resistance 
during hyperdynamic sepsis. This may be an appropriate 
response to increased oxygen demand or decreased tissue 
utilization of oxygen. Alternatively, small-arteriole dilation 
may be an inappropriate response and secondary to release of 
vasoactive inflammatory mediators. If the latter is true, there is 
a potential therapeutic role for selective manipulation of the 
tone of small terminal arterioles in hyperdynamic sepsis. 

(Arch Surg 1987;122:86-92) 


arly clinical sepsis is characterized by a hyperdynamic 
state in which eardiac output increases and systemic 
vascular resistance decreases.’ If the source of infection is 
not eradicated, after a variable period, the increased de- 
mand for a high cardiac output cannot be met and a 
hypodynamic state ensues.” Since this hypodynamic state 
frequently becomes irreversible, it becomes important to 
study the early hyperdynamic septic state and to under- 
From the Departments of Surgery (Drs Cryer, Garrison, Kaebnick, and 
Flint) and Physiology and Biophysics (Dr Harris), University of Louisville 

(Ky) Sehool of Medicine. 
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stand the physiologic mechanism for the apparently inap- 
propriate* peripheral vasodilation. 

Several studies*’? have shown that vascular resistance 
decreases and blood flow increases in the hindlimb of 
experimental animals that are subjected to hyperdynamic 
sepsis, but the vascular site and mechanism of this vasodila- 
tion have not been determined. It is our hypothesis that 
vasodilation during hyperdynamic sepsis occurs at selected 
levels m the microcirculation of one or more of the major 
organs (skeletal muscle, kidney, splanchnic system) that 
determine total peripheral resistance. This dilation could 
be the result of several mechanisms, since arterioles in 
different organ systems and at different levels of the 
arteriolar tree within each organ system are thought to be 
under different control mechanisms. 

To determine if the microvascular site of arteriolar or 
venular dilation during hyperdynamic sepsis is in skeletal 
muscle, we used direct in vivo videomicroscopy of first-, 
second-, third-, and fourth-order arterioles and first- and 
second-order venules in the neurovascularly intact cre- 
master muscle of the rat. Our results demonstrated that 
small terminal arterioles in skeletal muscle dilate markedly 
during high-cardiac-output sepsis. 


MATERIALS AND METHODS 


Male Sprague-Dawley rats, weighing between 165 and 175 g, 
were used in this study. To avoid the effects of anesthesia on the 
microcirculatory responses to sepsis, a precollicular brain-stem 
transection was performed*’ to remove all lower and cranial nerve 
(V through XII) inputs to the thalamus, hypothalamus, and cortex. 
This procedure renders the animal cortically unconscious and 
provides a stable microcirculation and macrocirculation for study 
without the effects of general anesthesia.*” To accomplish this 
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decerebration, rats were anesthetized with intraperitoneal injec- 
tions of wrethane (800 mg/kg) and chloralose (60 mg/kg) and were 
placed ina stereotaxic instrument for transection of the brain stem 
as previously deseribed.*"” After the decerebration procedure was 
completed, 3 mL ef saline solution was injected subcutaneously to 
maintain fluid balance; the animals were allowed to recover from 
anesthes.a for six hours.** 

Rats then underwent tracheostomy for airway control. The left 
femoral artery was cannulated for blood pressure and heart rate 
measurements, and the left femoral vein was cannulated for 
injection of live Escherichia coli or saline solution. The rat 
cremaster muscle was then prepared for closed-circuit television 
microscopy as previously described." The cremaster muscle was 
dissected from the right testicle and subcutaneous tissue and was 
then suspended (with intact neurovascular connections) over an 
optical port in a tissue bath that was filled with modified Krebs’ 
solution (25.5mM sodium bicarbonate, 112.9mM sodium chloride, 
4.7mM potassium chloride, 2.55mM calcium chloride, 1.19mM 
potassium phosphate, 1.lmM magnesium sulfate, and 11.6mM 
dextrose), buffered to a pH of 7.4. The animal and cremaster bath 
were positioned on the stage of a trinocular microscope for 
transillumination. 

Nitrogen and carbon dioxide were continuously bubbled through 
the cremaster bath to maintain bath oxygen tension at 25 te 30 mm 
Hg, bath carben dioxide tension at 35 to 45 mm Hg, and bath pH at 
7.4. Cremaster bath temperature was maintained at 34°C by a 
heating zoil in the bath. Pancuronium bromide (Pavulon; 0.1 mL) 
was added to the cremaster bath to prevent muscle fasciculations. 
This dose of pancuronium (10~°M) has been previously shown‘ to 
have no systemie effects and no effect on microcirculation re- 
sponses. Rectal temperature was maintained at 36°C to 37°C by a 
back heating pad. 

For measurement of cardiac output by transpulmonary ther- 
modilution,” the right common carotid artery was cannulated with 
a thermstor, the*ip of which was positioned in the aortic root just 
above the aortic valve. The right jugular vein was cannulated with 
polyethylene tubing, which was positioned in the superior vena 
cava jus: proximal to the right atrium. For generation of cardiac 
output curves, a 40-wL bolus of saline was injected via this jugular 
cannula, and changes in arterial blood temperature were recorded 
as a temperature-time curve on a polygraph. The area under this 
temperature-time curve was determined, and cardiac output was 
calculated as follows: CO=(Q)(TB—TI)(K)/temperature-time 
area, where CO indicates cardiac output (milliliters per minute); Q, 
injectate volume (milliliters); TB, blood temperature; and TI, 
injectate temperature; the temperature-time area is expressed as 
degrees centigrade x seconds, and K = 62.14." 

All cardiae eutput measurements were made in triplicate at ten- 
minute mtervals throughout each experiment. Systemic vascular 
resistanve (in nomresistance units), stroke volume (in milliliters per 
beat), and left ventricular stroke work index (in dynes per centime- 
ter) were calculated. 

The microcirculation of the cremaster muscle was directly 
observed with a microscope (Nikon). Microvascular images were 
transmitted via a video camera (Sanyo) to a television monitor 
(Sony) and videocassette recorder by a lens system that gave an 
overall television-microscope magnification of x 1500. Vessel in- 
traluminal diameters were measured on the monitor screen, which 
was calibrated with a microscope stage micrometer to give micro- 
vascular dimensions in micrometers. 

The microvascular anatomy of the cremaster muscle was defined 
acecordirg to vessel branch order." The major inflow arteriole was 
termed a first-order arteriole (Al) and was accompanied by a 
parallel adjacent first-order venule (V1). Smaller second-order 
arterioles (A2) and accompanying venules (V2) appeared as per- 
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Table 1.—Baseline Values in Groups 1 and 2 
p 


Group 1 Group 2 
Variable* (Controls, n=6) (Escherichia coli, n=5) 


Weight, g 172+1 172+2 


Cardiac output, mL/min 98 +7 82+6 


Mean arterial pressure, 
mm Hg 100+3 106+3 


Systemic vascular 
resistance, RU 1.08+0.09 1.32+0.08 


Heart rate, beats per min 470+20 478+12 
Stroke volume, mL/beat 0.2+0.01 0.17+0.01 


LVSWI, dynes/cm 0.26+0.02 


Vessel diameters, um 
Al 115+3 


95+9 

34+4 

16+1 
165+6 
109 +20 


*RU indicates resistance units; LVSWI, left ventricular stroke wark index; 
A1 through A4, first- through fourth-order arterioles; and V1 and V2, first- and 
second-order venules. Values are given as mean+SE. 





pendicular branches from the parent first-order vessels. Suc- 
cessive arteriolar branches from the second-order vessels were 
designated as A3 and A4 vessels and did not have adjacent parallel 
venules. In our protocols, diameters of Al, A2, V1, V2, A3, and A4 
were measured in each experiment. 

Escherichia coli were cultured from a hospital-acquired patho- 
genic strain, which we have maintained in our laboratory for 
several years, and were kept frozen in fresh medium. Prior to each 
experiment, the bacteria were thawed and added to a tube of 
tryptose-soy agar medium and were incubated at 37°C for 24 hours. 
The bacteria were then centrifuged, washed twice with saline, and 
suspended in saline. Serial dilutions were performed and were 
measured spectrophotometrically at a 550-44m wavelength to pro- 
vide 6 x 10/100 g bacteria in 1 mL of normal saline for each rat. A 
sample from the final dilution was plated, and quantitative cultures 
were used to confirm the final bacterial concentration en the 
following day. 

Two groups of animals underwent cardiac output measurements 
and observations of the microcirculation. Group 1 animals (n=6) 
served as controls and received 1 mL of normal saline intravenously 
over a five-minute period. Group 2 animals (n= 5) received 6 x 10° 
live Ẹ coli (in 1 mL of saline) intravenously over a period of five 
minutes. In both groups, there was a 30-minute stabilization period 
to allow equilibration of the cremaster muscle with the bath 
environment; baseline hemodynamic measurements were then 
made of cardiac output, mean arterial pressure, heart rate, and 
microvascular diameters. After this, each animal received a five- 
minute infusion of either 6 x 10° live E coli or saline solution. The 
hemodynamic measurements were then repeated at ten-minute 
intervals for two hours. 

The same protocol was followed in a third (saline; n=6) and a 
fourth (E coli; n=6) group of animals to obtain biochemical data. 
Ninety minutes after the infusion of E coli or saline, bloed was 
withdrawn for measurement of serum glucose, lactate, pyruvate, 
calcium, hematocrit, and arterial blood gases. 

A fifth group of animals (n= 4) was anesthetized with ketamine 
hydrochloride, received 6 x 10° live EF coli intravenously over a five- 
minute period, and were returned to their cages for a 24-hour 
period to document behavior and mortality. 
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Fig 1.—Responses of cardiac output (CO), mean arterial pressure 
(MAP), and systemic vascular resistance (SVR) to infusion of saline 
(group 1 [control], circles) and live Escherichia coli (group 2, 
triangles). Hatched area indicates infusion period; asterisks, 
P<.05. 


For statistical analyses, all data were expressed as a percentage 
change from baseline values. Group means, SDs, and SEs were 
calculated for baseline diameters and for percentage changes. 
Differences within any specific group were analyzed for statistical 
significance (P<.05) by paired t tests. Differences between certain 
pairs ef groups were analyzed for statistical significance (P<.05) 
with two-sample group ¢ tests. 


RESULTS 


Baseline data for general and hemodynamic variables are 
given in Table 1. There were no important differences 
between groups 1 and 2 in baseline animal weights, mean 
arterial pressure, heart rate, cardiac output, stroke vol- 
ume, or left ventricular stroke work index. 

Changes in hemodynamic variables expressed as per- 
centage changes from baseline values following infusion of 
saline (group 1) or Æ coli (group 2) are illustrated in Figs 1 
and 2. There were no significant changes in hemodynamic 
variables after infusion of saline alone. 
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Fig 2—Responses of heart rate (HR), stroke volume (SV), and left 
ventricular stroke work index (LVSWI) to infusion of saline (group 1 


[contro], circles) and live Escherichia coli (group 2, triangles). 
Hatched area indicates infusion period; asterisks, P<.05. 


Values for serum glucose, calcium, lactate, pyruvate, 
lactate-to-pyruvate ratio, and arterial blood gases are given 
in Table 2 for group 3 (saline-infused) and group 4 (E coli- 
infused) animals. Both serum pyruvate and lactate levels 
signifieantly increased approximately twofold in the E coli 
group, to give an unchanged lactate-to-pyruvate ratio. Al- 
though arterial blood gas values showed some statistical 
changes, these were essentially within normal limits for 
both the Æ coli- and saline-infused groups. 

All four of the group 5 rats survived for 24 hours and all 
resumed dietary and fluid intake, although they appeared 
to be quite lethargic. 

Changes in microvascular diameters after injection of 
E coli or saline alone are illustrated in Figs 3 through 5. 
First- and second-order arterioles (Fig 3) constricted after 
injection of Æ coli. There was no significant change in 
diameters of Al or A2 in the saline-infused control animals. 

In centrast to the larger Al and A2, A3 and A4 (Fig 4) 
dilated after infusion of E coli. There were no significant 
diameter changes in A3 or A4 in animals infused with saline 
alone. 

There were no systematic changes in V1 or V2 diameters 
(Fig 5) after infusion of either E coli or saline alone. 
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Table 2.—Laboratory Values in Groups 3 and 4 


Group 3 
Variabie* (Controls, n=6) 
Glucose, 
me/dL (mmot/L) 





tracherichte ool, n=6) 







116+6 (6.4+0.3) 129+12 (7.2+0.7) 










Lactate, 
me/dL (mmovL) 13+2 (1.4+0.2) 29+6 (3.2+0.7)t 








te, 
mg'dL (umolL) 0.5+0.1 (57+11) 1.2+0.2 (136+ 23)t 












rato 24 +2 










Calcium, 
——_ 7.5+0.6 (1.87+0.15) 7.3+0.2 (1.82+0.05) 







7.49+0.01 7.38 +0.03T 
= mm Hg 92+2 102+3t 
Pco,, mm Hg 31+2 34+2 





Hematocrit, % 45+1 (0.45+0.01) 49+1 (0.49+0.01)t 


*Po, indicates partial pressure of oxygen; Pco,, partial pressure of carbon 
dioxide. Walues are given as mean + SE. 
tP<.05. 





COMMENT 


These data indicate that intravenous infusion of live E coli 
(6x 10° organisms per 100 g) in 1 mL of saline over five 
minutes produces a nonlethal hyperdynamic septic re- 
sponse in rats, as evidenced by a 20% increase in eardiac 
output, no change in mean arterial pressure, and an 18% 
decrease in systemic vascular resistance. These hemo- 
dynamie changes are comparable with changes for early 
hyperdrnamic sepsis in humans** and in several animal 
models.**” Ourdata also show that plasma levels of lactate 
and pyravate were increased twofold in our model without a 
change n the lactate-to-pyruvate ratio; this suggests that 
there was an overall increase in metabolism in our rat model 
of hyperdynamir sepsis. Blood gas values were essentially 
within normal limits for both the Æ coli group and the 
control group, indicating that pulmonary function was not 
severely compremised in our animals. 

Comparison ef our data with findings in the literature 
indicates that our model produces acute bacteremia with 
hemodynamic, metabolic, and blood gas responses that 
mimic those seen in early hyperdynamic sepsis in humans.”* 
Furthermore, our model fulfills the criteria proposed by 
Wichterman et al“ for experimental models of sepsis, with 
the exception that our experimental model is nonlethal. In 
addition our madel fits the B state of sepsis in the classifica- 
tion scheme of Siegel” since there is evidence that our 
model represents a hypermetabolic state in conjunction 
with an mcreased demand for cardiac output. 

Our model is ideally suited for direct observation of 
microcireulatory responses to sepsis. It minimizes the 
influence of anesthesia” on the microcirculation. It avoids 
activation of microcirculatory mechanisms that respond to 
hypotension.” Most important, measurement of cardiac 
output” at the fime of direct microvascular observations 
provides a reliable basis for relating microvascular re- 
sponses to overall systemic hemodynamic responses during 
sepsis. 

In our studies, cardiac output was increased to 20% above 
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Fig 3.—Responses of first-order (A1) and second-order (A2) i 


arterioles to infusion of saline (group 1 [control], circles) and live 
Escherichia coli (group 2, triangles). Positive values indicate dila- 
tion; negative values, constriction; hatched area, infusion period; 
and asterisks, P<.05. 


baseline values during sepsis. Our data indicate that the 
early increase (zero to 40 minutes) in cardiac output was 
primarily due to increased stroke volume (Fig 2) with some 
associated decrease in systemic vascular resistance (Fig 1). 
After 40 to 60 minutes, stroke volume decreased (Fig 2); 
systemic vascular resistance began to increase toward 
baseline values (Fig 1); and heart rate (Fig 2) began to 
increase, suggesting that there was a shift in cardiovascular 
control of the heart for maintenance of high cardiac output 
from stroke volume to primarily a heart rate effect. The 
increase in heart rate and blunting of the initial decrease in 
systemic vascular resistance that occurred at 40 to 60 
minutes could indicate an increase in circulating cate- 
cholamines and/or increased sympathetic tone at this time 
in hyperdynamic sepsis. 

The skeletal muscle microcirculation responses to hyper- 
dynamic sepsis are characterized by mild constriction of 
large arterioles and marked dilation of small arterioles 
without significant changes in venous diameters. The con- 
striction of Al could be the result of passive responses to 
decreased arterial pressure, increased sympathetic tone, 
and/or increased circulating vasoconstrictor agents such as 
catecholamines. Since mean femoral arterial pressure did 
not decrease at any time and since large-arteriole constric- 
tion coincided with an increase in heart rate and return of 


Skeletal Circulation in Sepsis—Cryer et al 89 


be al L 


+ 


eed 8 


>. ie eee ee oO ee eae 


SS ce ST ee ee 2 ed 24. -SL 


' 
ae Mad pe i 


en uri Ba annn amd 


& 


uf 
8 


+ 
g» 
(æ) 


© 
= 
© 
” 
s 
a 
E 
2 
ear 
D 
= 
py 
= 
O 
z 


+ 
vi 
oO 


a 
N 


+ 
ab 
oO 


© 


4 
© 


40 60 80 
Time, min 


100 





Fig 4.—Responses of third-order (A3) and fourth-order (A4) 
arterioles te infusion of saline (group 1 [control], circles) and live 
Escherichie coli (group 2, triangles). Positive values indicate 
dilation; negative values, constriction; hatched area, infusion pe- 
riod; and asterisks, P<.05. 


systemic vascular resistance toward baseline, the most 
likely explanation for large-arteriole constriction is an 
increase in sympathetic tone and/or circulating cate- 
cholamines. Certainly, other studies” also indicate that 
cireulating catecholamine levels increase during hyper- 
dynamic sepsis. 

Venule diameters did not change in our study. Therefore, 
it appears that changes in skeletal muscle venular tone do 
not contribute to the increased cardiac output during 


hyperdyramie sepsis in our model. 
In contrast to the vasoconstriction of Al and A2, we 
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venules to infusion of saline (group 1 [control], circles) and live 
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observed dilation of A3 and A4 in skeletal muscle. This 
dilation would contribute substantially to decreased sys- 
temic vascular resistance in hyperdynamic sepsis. Unlike 
Al, which constricted in parallel with overall changes in 
systemic vascular resistance, A4 dilated progressively 
throughout the two-hour experimental period. This sug- 
gests that the smaller A4 vessels are under a different 
control mechanism than are the larger Al and A2 during 
hyperdynamic sepsis. Large arterioles (Al and A2) are 
thought to be primarily under central control, with impor- 
tant mediation through the baroreceptor reflex to maintain 
mean arterial blood pressure.” In contrast, small terminal 
arterioles (A3 and A4) are thought to be primarily under 
local tissue control (autoregulation), which is designed to 
protect the peripheral tissue from ischemia.” This suggests 
that the microcirculatory responses to hyperdynamic sepsis 
in eur study could represent separate central control of the 
large arterioles with local compensatory responses in the 
small arterioles as a tissue reaction to perturbations such as 
deereased perfusion, increased demand for oxygen, or 
tissue injury. 

Most authors report increased blood flow to skeletal 
musele during hyperdynamic sepsis.‘ Siegel et al' sug- 
gested that this increased blood flow could bypass tissue 
capillaries through precapillary arteriovenous shunts to 
produce a relative tissue hypoxia. However, Finley et al* 
showed that skeletal muscle capillary flow as measured by 
xenon 133 washout is increased by 52% in human hyper- 
dynamic sepsis. Since A4 in skeletal muscle are functionally 
equivalent to precapillary sphincters, dilation of these 
arterioles in our study suggests that capillary perfusion and 
oxygen delivery in skeletal muscle are actually increased in 
hyperdynamic sepsis. 

The different responses of large arterioles and small 
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terminal arterioles in rat skeletal muscle during hyper- 
dynamic sepsis suggest that large and small arterioles are 
controlled by different mechanisms. The large-arteriole 
constriction response is consistent with a centrally medi- 
ated, compensatory adrenergic nerve and/or circulating 
vasoconstrictor hormone activity. The response of small 
termina! arterio.es, on the other hand, is consistent with a 
local hormonal and/or metabolic response. Since small- 
arteriole dilatiom can increase capillary perfusion and oxy- 
gen delivery if flow is high,” small-arteriole dilation would 
be an appropriate response to increased tissue demand for 
oxygen during s2psis. Alternatively, if oxygen utilization is 
depressed, small-arteriole dilation would be an appropriate 
response to increased tissue metabolites from increased 
anaerobic metabolism during sepsis. 

On the other hand, if oxygen utilization is not depressed, 
small-arteriole dilation would be an inappropriate response 


to the status of tissue metabolism and could be secondary to 
the local release of some vasoactive inflammatory mediator. 
If small-arteriole dilation during hyperdynamic sepsis is an 
inappropriate response to the metabolic state, this dilation 
could lead to increased demand for cardiac output to 
maintain mean arterial pressure in the face of decreased 
systemic vascular resistance. 

At this point, further studies will be necessary to deter- 
mine (1) the mechanisms by which terminal-arteriole dila- 
tion occurs, (2) whether this small-arteriole dilation is 
appropriate or inappropriate, (3) whether similar microcir- 
culation responses to hyperdynamic sepsis occur in other 
vascular beds such as the renal, splanchnic, and pulmonary 
circulation, and (4) whether small-arteriole dilation in skel- 
etal muscle and other organ systems can be manipulated to 
provide therapeutic benefit to patients in hyperdynamic 
septic shock. 
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Discussion 


JOHN H. SÆL, MD, Baltimore: Dr Cryer and his colleagues 
have carried out a very thorough and careful study of the response 
of the microvascular circulation to infusion of E coli bacteria in 
awake rats in whom a precollicular brain-stem transection was 
performed. Their study has clearly demonstrated that the micro- 
circulatory respense to infusion of E coli bacteria is characterized 
by a differential large and small arteriolar vascular reaction, in 
which the large arterioles constrict and the small arterioles dilate. 
I agree with taeir conclusion that this differential response 
suggests that the large and small arterioles are controlled by 
different mecharisms, and that the evidence also suggests that the 
smaller, more peripheral arterioles may be modulated by an 
abnormal vasodilator substance associated with the infusion of 
E coli bacteria. 

The primary eifficulty with this study is with the use ef terms. 
The preparationthat Dr Cryer and his colleagues have developed is 
primarily nonlethal bacteremia rather than a septic medel that 
induces a host response, with its associated humoral and cellular 
inflammatory response. This model is more like the response 
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that would be seen in the patient who has an infusion of E coli 
bacteria secondary to a urethral dilatation in the presence of 
infected urine. It is not, strictly speaking, analogous to the 
hyperdynamie sepsis that results from the complex metabolic 
response seen in patients with intra-abdominal abscess or infected 
necrotic tissue. 

In this type of truly septic patient, there is evidence that as the 
metabolic component of sepsis becomes manifest, with alterations 
in substrate fuel metabolism and impairment of hepatic oxidative 
catabolism of aromatic amino acids, vasoactive substances such as 
octopamine and other similar false neurotransmitters are pro- 
duced, which may play a role in the development of the reduced 
systemic vascular resistance of sepsis. It is likely that this effect 
may add to the direct effect of systemic bacteremia (which is 
similar to low-dose endotoxemia), as described in this model, to 
induce a pathophysiologic hyperdynamic state. Nevertheless, I 
believe that the data presented show that the mechanism of direct 
small-vessel vascular dilatation is undoubtedly important in the 
early response. 
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The other problem with this study is related to the use of the 
brain-stem transection as a means of inducing cortical uncon- 
sciousness to enable study of the microcirculatory response. As has 
been demonstrated by many authors, the normal response to 
sepsis, as induced either by infusion of a sublethal dose of baeteria 
(which was not done here) or by the establishment of a septic 
abscess, results in the mounting of a profound neuroendocrine 
response. Under septic circumstances, there are increased plasma 
levels of glucagon, catecholamines, and corticosteroids, as well as 
small rises in insulin levels. This response has been demonstrated 
to be considerably significant in altering the metabolic balance and 
may play a major role in the hyperdynamic response as well. It 
would be important in this preparation to demonstrate that a 
similar response does occur in animals in whom brain-stem 
transection is used, since this is not, strictly speaking, an awake 
rat, and the decerebrate preparation may be more abnormal than 
some animals in which anesthesia is used. 

I would also ask the authors if they have made any measurements 
of plasma ultrafiltrates containing no bacteria from animals follow- 
ing infusion to see if the host plasma infused into other animals 
produced this type of hyperdynamic small-vessel vasodilator 
response. This would separate the effects of the E coli endotoxin 
from those of humorally mediated factors induced by the bac- 
teremia. 

I think that this is an excellent article, which is well worked out 
and appears to offer a good tool for studying the physiologic 
response to bacteria, if some of the model questions can be 
answered. 

Louis Martin, MD, Hershey, Pa: Despite Dr Siegel’s reserva- 
tions, I think that the authors have a very important tool. 

Many of us have wondered whether sepsis induces a difference in 
nutrient flow or if there actually is some cellular change that 
prevents the periphery from using oxygen. Which theory do you 
now favor? Is it a cellular block rather than a blood-flow phe- 
nomenon, or are you showing maximal nutrient blood vessel 
dilation but still not enough blood flow? 

We have recently started experimenting with something that the 
Australians have used—infusions of tritiated norepinephrine— 
which allows us to get a level that is analogous to a clearance rate. 
We have labeled it a spillover rate because we are not sure what 
clearance really means. I am interested in seeing data to determine 
whether norepinephrine production changes in liver in your model, 
to prove that you have different responses both systemically and 
locally. 


ap 


Maximo Deysıne, MD, Stony Brook, NY: Have the authors 
considered the fact that the cremaster muscle has a ther- 
moregulatory function and that its vascularity may be different 
from that of the rest of the skeletal muscle? 

Dr Cryer: Dr Siegel pointed out that we had a nonlethal model 
representing bacteremia rather than chronic sepsis, and we fully 
agree with his point. Our initial attempts were to characterize and 
attempt to define some of the microcirculatory mechanisms in- 
volved in the acute hyperdynamic bacteremic state because that is 
much easier using this microcirculation preparation. We are plan- 
ning to work with models of chronic sepsis at a later time after we 
have determined some of the mechanisms by which these microcir- 
culation changes occur. 

Dr Siegel also questioned the use of the brain-stem transection 
because of the possible interruption of neuroendocrine responses. 
Dr Faber’ has studied the decerebration model fairly extensively. 
This model does not interrupt, for instance, the neurohypophyseal 
axis. It does not interrupt the blood supply to the brain stem or the 
cortex. It does interrupt cortical sensory input. In that regard, 
there may be some neuroendocrine responses that are mediated by 
the caudal hypothalamus and some cortical tracts, but the neu- 
rohypophyseal axis is intact in our model. However, I agree with 
Dr Siegel that we could perform future studies to document this in 
the decerebrate preparation. 

We have not performed plasma infusions and appreciate the 
suggestion. 

Dr Martin, you asked if we think that there is a difference 
between nutrient flow or whether it is an oxygen utilization 
problem. We really cannot answer that question at this time. It is 
interesting that our data would be consistent with an appropriate 
response to tissue hypoxia from a decrease in flow. Our data also 
would be consistent with a vasodilation and increase in flow 
secondary to an oxygen utilization problem, from a buildup of 
anaerobic metabolites. In addition, our data would be consistent 
with an inappropriate vasodilation from activated inflammatory 
mediators. We plan to perform further studies in these areas to try 
to elucidate which of these mechanisms is involved. 

Dr Deysine asked about the thermal regulatory function of the 
cremaster muscle. We have maintained the bath temperature at 
34°C, which is the resting temperature for the cremaster muscle. 
Studies by Morff and Granger (Microvasc Res 1980;19:366-373) 
have shown that blood flow in the cremaster muscle is similar to 
other skeletal muscles. 


In Other AMA Journals 


ARCHIVES OF INTERNAL MEDICINE 


Effect of Esophageal Variceal Sclerotherapy (EVS) on Lung Function: A Prospective 


Controlled Study 


Jacob Korula, MD; Ahmet Baydur, MD; Catherine Sassoon, MD; Ivan Sakimura, MD 


A prospective, controlled study to determine the short- and long-term effects of esophageal variceal 


sclerotherapy (EVS) on lung function was carried out on 11 patients with cirrhotic portal hypertension and 
variceal hemorrhage. Eleven patients with chronic liver disease undergoing diagnostic endoscopy served as 
controls. There was no difference in lung function tests and gas exchange in both the EVS or control groups 
after either procedure. No change in these parameters was noted during follow-up on continued sclerotherapy 
in the EVS group. Ventilation-perfusion scans and chest roentgenograms, performed before and after EVS, 
demonstrated no significant change. We conclude that in patients with stable liver disease and without hepatic 
failure, EVS does not result in serious short- or long-term impairment of lung function (Arch Intern Med 


1986;146:1517-1520). 
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Succinic Acid Production by 


Bacteroides fragilis 


A Potential Bacterial Virulence Factor 


Ori D. Retstein, MD; Carol L. Wells, PhD; Timothy L. Pruett, MD; Jennifer J. Sorenson; Richard L. Simmons, MD 


è We previously demonstrated that Bacteroides species 
elaborate a factor that impairs polymorphonuclear leukocyte 
(PMN) migration. This factor, active at a pH of 5.5 but not at 7.4, 
had similar inhibitory characteristics as the Bacteroides 
metabolite succinic acid. We examined the kinetics of produc- 
tion of this inhibitory factor and correlated its presence with 
succinic acid concentrations in the culture filtrate. In the four 
to six hours after Bacteroides fragilis 9032 reached the station- 
ary phase of growth, there was a large increase in succinic acid 
production with an accompanying reduction in culture pH. 
This correlated well with the generation of a leukocyte-inhib- 
itory factor. Pure succinic acid in sterile culture medium at 
concentrations similar to those detected in the 18-hourculture 
filtrate (20 mmol/L) produced comparable reduction in PMN 
migration. Following gel filtration chromatography of Bifragilis 
culture filtrate, the fractions containing succinic acid labeled 
with carbon 14 inhibited PMN migration. 

(Arch Surg 1987;122:93-98) 


acteraides fragilis is the predominant anaerobic micro- 
organism recovered from polymicrobial intra-abdomi- 

nal infections,” yet its pathogenic role in these infections is 
unclear. Many investigators, including us, have shown that 
Bacteroides species can act as synergistic co-pathogens 
with other virulent bacteria.*’ The potential mechanisms 
by which Bacteroides species may contribute to the patho- 
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genicity of these infections include (1) production of faetors 
that inhibit host defenses, (2) provision of essential nutri- 
ents for their co-pathogens, and (3) alteration of the local 
microenvironment to one more favorable for growth." The 
first of these mechanisms has received the greatest atten- 
tion.° 

Potential Bacteroides virulence factors previously inves- 
tigated include bacterial encapsulation,”” their production 
of tissue toxic enzymes*”” (eg, fibrinolysins and collage- 
nases), and elaboration of soluble factors that alter poly- 
morphonuclear leukocyte (PMN) function.“ We previ- 
ously showed that several Bacteroides species produeed a 
low-molecular-weight (<500 daltons), heat-stable factor 
that irreversibly impaired PMN random migration and 
chemotactic response to a soluble peptide chemoattractant 
and zymosan-activated serum (ZAS).” One interesting fea- 
ture of the activity of this factor was its pH dependence; 
inhibition occurred at a pH of 5.5 but not at 7.4. The lower 
pH value approximates that noted in some clinieal and 
experimental abscesses.“” The data also suggested that 
the factor was produced in late exponential phase and early 
stationary phase, since culture filtrate derived from poorly 
growing Bacteroides thetaiotaomicron cultures prior to 
entering stationary phase was only partially inhibitory even 
when the filtrate was adjusted to a pH of 5.5. We subse- 
quently demonstrated that succinic acid, a short-chain fatty 
acid (SCFA) produced by Bacteroides species, was mhib- 
itory to several PMN functions including chemotaxis.” 

The purpose of the present studies was to define further 
the kinetics of production of this PMN-inhibitory factor by 
B fragilis and to correlate its presence with succinie acid 
concentrations as a potential candidate for this putative 
leukotoxin. 
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Table 1.—Correlation of Bacteroides fragilis Srowth With Inhibition of PMN 
Locomotion and Succinic Acd Production* 


Viable 
Bacterial Count, 
Log,, CFU/mL 


Culture pH 


Ze! 


Migration, % of Controlt 
Succinic Acid, 


FMLP mmol/L 


992643 3.4+1.6+ 
19.5+6.4§ 
19.3+ 1.2] 
22.6+1.3|| 
20.8 +3.8§ 
26.2+6.2§ 


*PMN indicates polymorphonuclear leukocyte; CFU, colony-forming units; FMLP, formyl-methionyl-leucyl-phenylalanine; and ZAS, zymosan-activated serum. 


Values in columns 2 through 6 are means + SDs of two or three experiments. 


tMigration is expressed as a percentage of PMN migration following PMN exposure to similarly pH-adjusted sterile culture medium. 


Not significant vs 12-hour filtrate. 
§P<.05 vs 12-nour filtrate. 
\|P<.01 vs 12-hour filtrate. 


MATERIALS AND METHODS 
Bacterial Strains and Growth Conditions 


A single Bacteroides strain, B fragilis 9032, was used in these 
studies. Using the methods and assessment criteria for degree of 
encapsulation published by Bjornson et al,” we determined that 
B fragilis 9032 has a thin, dense capsule. 

Stock cultures of B fragilis 9032 were maintained at — 70°C in 
thioglycolate broth. Frozen cultures were thawed, and aliquots 
(0.2 mL) were inoculated into tubes containing 10 mL of minimal 
growth medium for Bacteroides as described by Namavar et al.” 
The tubes were incubated at 35°C in an anaerobic chamber that 
maintained an atmosphere of 85% nitrogen, 10% hydrogen, and 5% 
carbon dioxide. The cultures were examined by Gram’s stain and 
subcultured aerobically on tryptic soy agar with 5% sheep’s blood 
to check for purity and for aerobic contamination. For quantitation 
of bacteria, an aliquot of the Bacteroides culture was serially 
diluted in anaerobic dilution fluid,” surface plated on prereduced 
sheep blood agar, and counted after 48 hours of incubation at 35°C. 


Preparation of Bacteroides Culture Filtrate 


At varying times following inoculation the B fragilis cultures 
were enumerated and pelleted by centrifugation (1600 g for ten 
minutes). Each supernatant was sterilized through a 0.22-ym filter 
(Millipore). The pH of the supernatant was then determined using a 
pH meter. In studies requiring pH adjustment of supernatant prior 
to testing, hydrochloric acid (0.1M to 1.0M) was used to titrate to 
the desired pH. The total volume change with titration was 
minimal. 


Preparation of Human PMNs 


The PMNs were separated from the heparinized blood of healthy 
donors by centrifugation (400 g for 20 minutes) over Ficoll- 
Hypaque.” The PMNs were washed twice after hypotonic lysis of 
residual erythrocytes and resuspended in Hank’s balanced salt 
solution. The purity of the PMNs recovered was greater than 95% 
as monitored by Wright’s staining of cytospin preparation. 


Incubation of PMNs With Culture Supernatant 


The PMNs (20x 10°’mL) were incubated with culture superna- 
tant at 37°C for 20 minutes, then chilled on ice. The cells were 
tested unwashed in the chemotaxis assay. The cells were counted 
by Coulter counter and cell viability was tested by trypan blue 
exclusion. 
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Assays of Chemotaxis 


Raadom migration and chemotaxis assays were performed using 
a modified under-agarose technique described by Nelson et al.” 
Brief y, agarose plates with a 6-mL volume and a final concentra- 
tion of 1% agarose, 0.5% gelatin, 1X minimal essential medium, and 
0.025M HEPES buffer at a pH of 7.0 were made in 60 x 15-mm 
plastic Petri plates. Chemotaxis toward 1.1x10°*M formyl-meth- 
iony!-leucyl-phenylalanine (FMLP) and ZAS was performed. 
The cells were stopped after two hours at 37°C in a 5% carbon 
dioxide atmosphere and fixed with 2.5% glutaraldehyde. The 
following day the agarose was lifted off the cells stained with 
Wrigkt’s stain. 

The migration patterns were magnified 40 times and projected 
onto a light background with a projecting microscope. Migration 
was qaantified by measuring linear distance from the lip of the well 
to the outer margin of cells migrating toward the chemotactic well. 
Random migration of PMNs was determined by measuring the 
back side of the wells exposed to ZAS. 

In all studies, appropriately pH-adjusted Hank’s balanced salt 
solution and medium control groups were used. Results were 
expressed as the percentage of the migration of cells incubated in 
sterile culture medium at the appropriate corresponding pH. 


Determination of Succinic Acid Levels 


Suczinic acid in the culture filtrate was extracted and detected 
by gas-liquid chromatography according to the method of Hold- 
eman et al.” Quantitation was performed by using malonic acid as 
an internal standard. 


Fractionation of B fragilis Culture Filtrate 


A 15-mL aliquot of 24-hour B fragilis filter-sterilized culture 
supernatant was chromatographed on a fractionating column 
(Sephadex G-10). To identify fractions containing succinic acid for 
subsequent analysis, the filtrate was labeled with succinic acid 
labeled with carbon 14. The succinic acid “C did not add significant 
mass to the succinic acid already present in the filtrate. Fractions 
(1mL) were collected and counted following the addition of 10 mL of 
liquid scintillation fluid on a counter. Fractions containing succinic 
acid C were pooled, lyophilized, and resuspended in distilled 


water containing 10mM morpholino-ethanesulfonic acid butter 


adjusted to a pH of 5.5. This solution was then tested for its effect 
on PMN locomotion as previously described. 
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Fractions containing succinic acid labeled with carbon 14 following 
chromatography of 24-hour Bacteroides fragilis supernatant on 
fractionating column (Sephadex G-10). cpm indicates counts per 
minute. 


Table 2.—Effect of Different Fractions of 
Bacteraides fragilis Supernatant on PMN Migration* 


Chemotactic 
Migration 














ZAS 





Fraction No. FMLP Random Migration 


31-40 3.7+0.1 2.4=0.2 2.4+0.3 
41-50 1.5+0 1.1+0.1 1.2+0.6 


2.9=0.3 
3.8=0.1 


2.5+0.3 
2.8+0.3 


51-60 
HBSS contro! 


4.0+0.1 
3.9+0.1 











*The data, derived from a single study, are representative of the four studies 
performed. The fractions used were taken from the chromatographic separation 
shown in the Figure. Values in columns 2 through 4 are means+SDs of 
projected distance of migration, in centimeters. PMN indicates poly- 
morphonuclear leukocyte; FMLP, formyl-methionyl-leucy!-phenylalanine; ZAS, 
zymosan-activated serum; and HBSS, Hank's balanced salt solution. 


Statistics 


Data were evaluated using an unpaired Student’s t test and 
standard tables.” 


RESULTS 
Correlation of B fragilis Growth With Inhibition 
of PMN Locomotion and Succinic Acid Production 


Bacteroides fragilis 9032 growing in minimal medium 
reached the beginning of stationary phase between 12 and 14 
hours following inoculation of the culture (Table 1). Succinic 
acid concentration in the culture filtrate increased from 
3.4+1.6 to 19.5+6.4 mmol/L over the next four to six hours 
(ie, during the early stationary phase). Concurrent with 
this inerease, the culture filtrate was able to obliterate 
PMN chemotactic response and random migration (data not 
shown) completely without affeeting PMN viability (>90% 
by trypan blue exclusion). Between 18 and 36 hours, there 
was a slight loss in B fragilis viability while culture pH 
remained stable. There was a small but insignifieant in- 
crease in succinic acid concentration. The culture filtrate 


- remained inhibitory over this period. The migration values 


presented in Table 1 are expressed as percentages of the 
migration of PMNs exposed to similarly pH-adjusted sterile 
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medium, indicating that the effect seen was not due to pH 
reduction alone. 

To determine whether the measured succinic acid levels 
were sufficient to explain the reduced PMN migration, pure 
succinic acid was added to sterile culture medium at 2 and 20 
mmol/L concentrations and pH adjusted to levels measured 
at 14 and 18 hours, respectively. At 20 mmol/L of succinic 
acid, there was complete loss of PMN migration, while at 2 
mmol/L, there was similar minimal impairment of migra- 
tion (93.5% and 85% of control values for FMLP and ZAS, 
respectively). 

Because of the pH dependence of the inhibitory effect of 
B fragilis supernatant,” it was possible that the presence of 
the leukotoxin in the 12- and 14-hour supernatants was 
masked by the fact that these supernatants were tested at 
pH values of 7.6 and 7.1, respectively. To test this hypoth- 
esis, 12- and 14-hour culture filtrates (and sterile medium 
controls) were adjusted to a pH of 5.5 and examined for 
their effect on PMN migration. These studies demon- 
strated that while pH adjustment of 12-hour filtrate had a 
minima! effect on chemotaxis, the inhibitory effect of the 14- 
hour filtrate became much more pronounced. The PMN 
chemotactic response to both FMLP and ZAS was mark- 
edly reduced (77.2%+10.1% to 33.0%+14.0% for FMLP 
and 84.2% + 22.3% to 33.1% + 9.8% for ZAS), as was random 
migration (73.4%+9.4% to 14.4%+3.3%). These results 
suggest that other pH-dependent leukotoxins may be pres- 
ent at these earlier time points. 


Effect of Various Fractions of 
B fragilis Supernatant on PMN Migration 


The fractions containing succinic acid “C eluted from a 
Sephadex G-10 column are shown in the Figure. Greater 
than 80% of the label was identified in fractions 41 through 
50. Table 2 demonstrates the effect of the reconstituted 
fractions following lyophilization on PMN chemotaxis and 
random migration. The fractions corresponding to those in 
which succinic acid “C eluted were inhibitory to PMN 
migration. In the study shown in Table 2, there appeared to 
be some inhibition of chemotactic response to ZAS caused 
by the high-molecular-weight fractions 31 through 40. This 
finding was consistent in the four studies performed. 


COMMENT 


Bacteroides species, in particular B fragilis, are the most 
common anaerobes encountered in clinical infections.” 
Although it has long been known that these bacteria are 
frequently present in polymicrobial infections, their contri- 
bution to the pathogenicity of these bacterial mixtures 
remains to be defined. One important mechanism by which 
B fragtlis may enhance the virulence of its co-pathogen is by 
inhibiting host defense mechanisms.’ 

Several authors” have demonstrated that Bacteroides 
supernatant can impair PMN migration. The putative fac- 
tor has not been specifically identified, but the literature 
suggested that it was a low-molecular-weight, heat-stable 
material.” Short-chain fatty acids, by-products of anaero- 
bic bacterial metabolism, fulfilled these criteria and thus 
appeared to be good candidates for the inhibitory factor. 
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Several SCFAs have been shown to inhibit PMN migra- 
tion. ™” We specifically examined succinic acid because it is 
produced in large quantity by Bacteroides species in vitro” 
and is present in high concentrations in clinical abscesses 
containing Bacteraides species (up to 31 mmol/L).” 

The present studies were designed to examine the ki- 
netics of the inhibitory effect of B fragilis supernatant on 
PMN chemotaxis and to correlate this effect with succinic 
acid production. During the first four to six hours of 
stationary phase (hours 14 through 20), there was rapid 
reduction in the culture filtrate pH associated with a 
marked production of succinic acid. The increase in succinic 
acid concentration correlated with reduced PMN locomo- 
tion. By 18 hours, the supernatant completely obliterated 
PMN migration. It appeared that the amount of succinic 
acid present at this time was sufficient to explain the 
inhibitory effect, since pure succinic acid added to sterile 
medium at a concentration of 20 mmol/L (comparable with 
18-hour levels) mimicked the inhibition. The culture fil- 
trates derived from the 12- and 14-hour incubations did not 
markedly impair PMN locomotion. Based on the lack of 
inhibition produced by 2 mmol/L of succinic acid in sterile 
medium (comparable with the levels at these time points), 
these results were expected. However, since low culture pH 
is important for the leukotoxin to exert its effect, these 
culture filtrates may not have caused inhibition because 
they were examined at higher pH levels (7.6 and 7.1 for 12 
and 14 hours, respectively). When adjusted to a pH of 5.5, 
the 12-hour filtrate did not demonstrate further inhibition 
while the 14-hour filtrate did. This suggests the possibility 
that other pH-dependent inhibitory factors (perhaps other 


- SCFAs) were present in the 14-hour filtrate. Further stud- 


ies examining the production of several SCFAs during 
B fragilis growth are needed to support this hypothesis. 
Separation of the 24-hour B fragilis culture filtrate on a 


Sepkadex G-10 column revealed that the succinic acid “C 
eluted almost entirely between fractions 41 through 50. The 
inkilttory factor appeared to reside in these fractions and 
was absent from the higher-molecular-weight fractions 31 
through 40 and subsequent fractions 51 through 60. These 
results support the concept that succinic acid may be the 
important inhibitory factor in B fragilis culture filtrate. 
However, the presence of other low-molecular-weight sub- 
stances within this fraction may have contributed to the 
effec:. 

The in vivo significance of the production of the pH- 
dependent inhibitory factor by B fragilis remains to be 
defined. Although high concentrations of succinic acid and 
low pH levels have been shown to occur independent of each 
other in abscesses,” no studies have been performed to 
examine whether they coexist in the clinical or experimen- 
tal setting. These issues are presently being pursued using 
an 2xperimental model of intra-abdominal abscess forma- 
tion’ and in patients undergoing percutaneous drainage of 
intra-abdominal abscesses. 

In summary, these studies demonstrated that B fragilis 
9032 produced a factor (or factors) that inhibited PMN 
migration. This factor was produced in early stationary 
phase. Its presence was initially masked by ambient pH 
condizions that were not suitable to demonstrate the inhibi- 
tior. Succinic acid concentrations in the B fragilis filtrate 
were sufficient to account for the inhibition, but it is 
possible that other SCFAs may contribute to the effect. 
Furtrer studies are required to define the role of these 
Bacteroides by-products on PMN functions in vitro and on 
abseess formation in vivo. 
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Discussion 


C. GiLLon Warn, MD, Miami: In previous work, my colleagues 
and I observed mortality in mice weighing 15 g that were given 
different conceatrations (10°, 10°, and 10’) of Escherichia coli. Mor- 
tality varied, with the critical concentration being 10° organisms. 

We also looked at B fragilis, which was taken from a clinical 
abscess of the liver in a child; it was grown under anaerobic 
conditions accerding to the Virginia Polytechnic Institute tech- 
niques. The animals did not die, even when given the highest 
concentration. We also took the supernatant from this growth, and 
it had noveffect. 

However, when we mixed the B fragilis and E coli and gave this 
mixture to the animals in the critical group with a 40% survival 
rate, we saw an increase in survival. This finding was repeated 
when we used zhe supernatant of B fragilis medium. In addition, 
when we-addee iren to this model, we reduced the survival to the 
original 40%. 

Our interprezatcon of these findings differed for some time, and I 
find it difficultto ~econcile the results of your excellent work with 
our findings. Ail Izan say is that in animals and in humans there are 
no Boyden chambers or agarose plates in their wounds, and we do 
not have zymosan or FMLP circulating in our veins. Perhaps we 
are looking at the same elephant but at different locations and 
under differen: cenditions. 

Dr Rotstein ane his fellow workers have, for several years, been 
methodologically oringing to light the manner by which B fragilis 
establishes iniection. At last year’s meeting of this Society, he 
provoked our curwsity (as he has this year) by elegantly showing 
that succinic acid is the most likely cause for the B fragilis 
virulence in hs model. 

Dr Tracy Wilkins has shown that to establish B fragilis infec- 
tions in laboratory animals the culture of the organism is most 
effective aftergrewth for 18 hours. The authors faithfully followed 
this technique ard also obtained the B fragilis strain from Dr 
Wilkins. In se deing, not only was the most virulent growth of 
B fragilis used bat also Dr Rotstein made note of another condi- 
tion. He recegnized the change in pH and its effect on the 
experimental sysem. This finding is as important as the descrip- 
tion of succinie acid being the cause. 

The following question must be asked: If succinic acid has the 
effect, why does it do so? Those of us working in the field of 
infectious mechanisms are beginning to realize that the total 
environment of a wound is as important as the intracellular 
environment of zhe wound parts. An acid environment favors 
growth of pathogens by inhibiting normally protective mechanisms 
found at the physiologic pH of 7.4. Further, the pH of the wound 
environment is critical as is the Eh, more commonly understood as 
the oxidation reduction potential. 

To make it even more confusing, the pH and Eh, although related 
within a single system, can be seemingly divergent, in that it is 
possible to have a significantly reduced environment in the pres- 
ence of an alkaline pH. All of these factors can support growth of 
organisms at -he expense of the host. Dr Rotstein is beginning to 
tease such information from his experiments by demonstrating 
that the concept of succinic acid being a marker for B fragilis is a 
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naive and superficial one, that in fact succinic acid is a weapon 
culled out from the organism’s genetic armory at a time of cellular 
crisis. 

With these thoughts in mind, I pose a few questions. Does any 
other acid of organic origin have an effect similar to succinic acid on 
the test model? Is the minimal growth medium in which the 
bacteroides are grown deficient in iron? Under conditions of iron 
deficiency, B fragilis becomes more aggressive, and iron is made 
more available to it in an acid environment. 

Epwin A. Deircu, MD, Shreveport, La: I think it is important 
to investigate how bacteria modify neutrophil function as well as 
other components of the host defense systems. 

I would like to ask a question about the succinic acid. What we 
have learned is that many times substances that function in one 
assay as inhibitors act as attractors in other assays. Frequently 
inhibition of chemotaxis is not due to a cell-directed inhibitor or toa 
toxin but may be due to deactivation of the neutrophil by a 
chemoattractant. Thus, have you looked at succinic acid as a 
chemoattractant in your system in a dose response fashion to 
determine whether succinic acid stimulates activity at one dose 
while functioning as an inhibitor at higher doses? 

ALBERT T. McManus, MD, Fort Sam Houston, Tex: The more I 
hear of the pH dependence of this, and as you approach the first pK, 
of suceinic acid, I wonder if you are not just chelating some 
requirement of your chemotactic assay, namely, calcium, or an- 
other component. Have you added calcium back into this, or any 
other cation that might be required in the in vitro chemotactic 
assay? 

ITZHAK Brook, Bethesda, Md: This is an excellent study that 
looks at one of the factors relating to infection with Bacteroides 
species. I wonder how applicable it is to a situation with patients. 
We all know that B fragilis produces succinic acid, as detection of 
this acid by gas-liquid chromatography has been used by micro- 
biologists for years to identify the organism. There are also a few 
studies that found succinic acid levels elevated in clinical abscesses 
and used that method as a means for early detection of B fragilis in 
an abscess. 

In the earlier stages of infection, such as peritonitis, after 
perforation of a viscus, even if the Bacteroides produces succinic 
acid in large quantities, there is enough blood circulating in the 
vicinity of the peritoneum and other places that would remove the 
acid. 

I have no doubt that succinic acid is important in the abscess 
stage and may promote the persistence of the abscess by making it 
difficult for the body to eliminate. However, at the earlier stages of 
infection before an abscess has been formed, there may be other 
factors that are important in the pathogenicity of Bacteroides 
species, eg, encapsulation and other undetermined factors. 

STEVE TENNENBERG, MD, Cincinnati: Might the effect ef both 
the inhibition noted by the succinic acid and low pH on two 
receptor-mediated migratory phenomena, namely, zymosan-acti- 
vated serum and FLMP, be the effects of pH on the receptors on the 
neutrophils? Have the authors looked into the possibility that these 
receptors might be damaged by succinic acid or by acid pH? 
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PauL R. ScHLoERB, MD, Rochester, NY: One of the most 
common clinical causes of lowered intracellular pH is respiratory 
acidosis. Have you tried this experiment with induced respiratory 
acidosis? 

Dr RotstreEin: Dr Ward asked about the role of other organic 
acids in the inhibitory effect. To this point we have not tested other 
organic acids for their effect on neutrophil chemotaxis. Because of 
the other investigations we are doing presently, we have looked at 
the effect of SCFAs and generation of the respiratory burst. 

Four other SCFAs have shown similar pH-dependent inhibition 
of neutrophil superoxide and hydrogen peroxide production, so we 
believe that this is probably a function of short-chain organic acids 
in general rather than just succinic acid. 

Our studies concentrated on succinic acid because it is one of the 
SCFAs produced in great quantity by Bacteroides species. 

The second questien concerned the role of iron in the minimal 
medium. The medium we used was not so minimal. It is minimal for 
bacterial growth, but it does include hemin within the medium. It 
is interesting to lock at the role of hemin in the production of 
succinate, because hemin catalyzes the enzyme fumarate reduc- 
tase, which converts fumarate to succinate. If there is no hemin in 
the growth medium, less succinic acid is produced, and more acetic 
acid and lactic acid are generated. Hemin may truly be playing an 
important role in the production of succinic acid and thus in the 
virulence demonstrated in these studies. 

Dr Deitch asked if succinic acid or B fragilis supernatant had an 
effect that was stimulatory as well as inhibitory. Incubation of 
neutrophils in low concentrations of succinic acid causes a small and 
significant increase im the chemotactic response. 

Dr McManus asked about the role of divalent cations. We have 
not added divalent cations to determine whether this reduces the 
inhibitory effect. However, one would expect that by reducing the 
pH the chelating role of succinate would be lessened. The other fact 
that is against the possibility that chelation is important is the time 
course of inhibition of superoxide production by succinic acid. 
These studies demonstrate that you can incubate neutrophils in 


= 


succinic acid for ten minutes before they will show their inhibitory 
effect on superoxide production. If this were merely an effect on 
either extracellular or intracellular calcium, you would see a more 
rapid inhibition of function. These are studies that could easily be 
done and need to be done to support the present hypothesis. 

Dr Brook asked about the applicability of this virulence factor in 
the peritonitis phase of intra-abdominal infection. Short-chain 
fatty acids may play a very important role in the abscess phase, and 
frankly I do not know what their role is in the peritonitis phase. I 
agree with him that, based on these studies, it is apparent that 
these bacteria have to get into the stationary phase before they 
demonstrate their pathogenic effect on neutrophils. It may be that 
other factors, particularly polysaccharide capsule, may be impor- 
tant for the survival of the bacterium during the initiation phase of 
peritonitis and into the early phases of abscess formation, and then 
subsequently other factors in addition to capsule may be important 
in the perpetuation of the infection. 

Dr Tennenberg asked about the effect of these substances on 
neutrophil receptors. Low pH and succinic acid may have an effect 
on the receptors. We have looked at the location of the succinic acid 
using radiolabeled succinic acid and showed that it was almost all 
intracellular rather than membrane associated, but that does not 
entirely rule out the possibility that there was an effect on the 
receptors. Furthermore, the fact that random migration was 
markedly impaired suggested that it was more than an effect on 
receptors. Our subsequent studies have focused on the inhibitory 
role of succinate in the cytoplasmic compartment rather than on 
the surface membrane. 

Dr Schloerb asked about respiratory acidosis. We have not done 
studies looking at animals under conditions of respiratory acidosis, 
but, interestingly, if one examines the studies of mechanisms of 
control of intracellular pH, one finds that intracellular pH may be 
manipulated by placing the neutrophils into an environment of 18% 
CO,. This reduces intracellular pH. It is possible that increased 
CO, in vivo caused by respiratory acidosis or during the incubation 
perioc in vitro may exacerbate the inhibitory effect. 


In Other AMA Journals 


ARCHIVES OF NEUROLOGY 


Quantification of Intracerebral Steal in Patients With Arteriovenous Malformation 
Richard W. Homan, MD; Michael D. Devous, Sr, MD; Ernest M. Stokely, PhD; Frederick J. Bonte, MD 


Eleven patients with angiographically and/or pathologically proved arteriovenous malformations (AV Ms) 
were studied using dynamic, single-photon—-emission computed tomography (DSPECT). Quantification of 
regional cerebral blood flow in structurally normal areas remote from the AVM disclosed areas of decreased 
flow compared with normal controls in eight of 11 patients examined. Areas of hypoperfusion correlated with 
altered function as manifested by epileptogenic foci and impaired cognitive function. Dynamic, single- 
photon-emission computed tomography provides a noninvasive technique to monitor quantitatively hemo- 
dynamie changes associated with AVMs. Our findings suggest that such changes are present in the majority of 
patients with AVMs and that they may be clinically significant. The potential application of regional cerebral 
blood flow imaging by DSPECT in the management of patients with AVMs is discussed. (Arch Neurol 


1986;43:779-785). 
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Inhibition of Early Events in the Human 


T-Lymphocyte Response to Mitogens and 


Alloantigens by Hydrogen Peroxide 


Brian M. Freed, MA; Robert Rapoport; Neil Lempert, MD 


e Hydrogen peroxide (100 to 2004M) inhibited the response 
of human peripneral-blood mononuclear cells (PBMCs) in 
phytohemaggiutinin, concanavalin A, and mixed lymphocyte 
culture assays by more than 90% without affecting cell vi- 
ability. The response of PBMCs to pokeweed mitogen was 
stimulated twefa d by 504M H,O,, but 2004M H,O, inhibited the 
pokeweed mitocen response by more than 95%. A 50M 
concentratior of H,O, completely blocked the generation of 
cytotoxic T cells in the mixed lymphocyte culture but did not 
inhibit the production of interleukin 2. Concentrations of 
1004M te 200, M 4,0, inhibited interleukin 2 production by 45% 
to 57%. The H,O, appeared to block early events in T-cell 
activation, since 2004M H,O, was not inhibitory when added 
one hour afte” simulating the cells with phytohemaggiutinin. 
Treatment of PBMCs with 200..M H,O, did not decrease the total 
cellular thiol poal, suggesting that H,O,-mediated inhibition of 
the proliferative response was not due to thiol oxidation. 
However, pretreatment of PBMCs with the lipid antioxidants 
butylated hydrexyanisole, butylated hydroxytoluene, and 
n-propy! gallete blocked more than 75% of the inhibitory effect 
of H,O, suggesting that H,O, inhibits T-cell activation by 
inducing lipid peroxidation. 

(Arch Surg 19&7;122:99-104) 


he increased incidence of infections in patients who 
sustain major thermal injuries is due not only to the loss 
of the protective skin barrier but also to a generalized 
suppression of the immune system. Peripheral-bloed lym- 
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phocytes from burned patients have been shown to display 
defects in proliferative responses to mitogens and alloan- 
tigens™ and interleukin 2 (IL-2) production. In addition, 
neutrophil chemotaxis and intracellular killing of microbial 
organisms are often depressed,*’ and macrophage function 
may be impaired.* These defects in the immune system can 
produce a state of anergy, which results in high mortality 
due to sepsis.*” 

The mechanism by which burned patients become immu- 
nosuppressed has not been clearly defined. It is likely that 
more than one factor contributes to this phenomenon. 
Numerous possible mediators of immunosuppression have 
been reported, including the lipo-oxygenase metabolites of 
arachidonic acid, hydroperoxyeicosatetraenoic acid and 
leukotriene B,,"" prostaglandins,“” various undefined se- 
rum factors,” and a substance in the burn blister fluid.” 
However, none of these factors appears to account com- 
pletely for the level of immunosuppression that is character- 
istic of thermal injury. 

It is widely known that early excision of the burn eschar 
improves immune responsiveness and clinical prognosis. 
Since the eschar is rapidly invaded by neutrophils and 
macrophages, it is possible that the phagocytes release 
compounds during ingestion of necrotic tissue that inhibit 
immune responsiveness. Phagocytes release three classes 
of molecules: lysosomal enzymes; products of arachidonic 
acid metabolism (endoperoxides, thromboxane, prosta- 
glandins, and leukotrienes); and reactive oxygen intermedi- 
ates (ROIs) (O,", hydrogen peroxide, and OHs). The action 
of the lysosomal enzymes is blocked by a,-antitrypsin and 
a,-macroglobulin. The products of arachidonic acid metabo- 
lism are currently being investigated for their immunosup- 
pressive properties, but prostaglandin inhibitors do not 
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alter immune suppression following thermal injury. The 
role of ROIs in the modulation of immunocompetence, 
however, has not been investigated. Grever et al,” using an 
in vitro system to generate ROIs, demonstrated that oxy- 
gen metabolites inhibit antibody-dependent cellular eyto- 
toxicity. We therefore decided to examine the effects of H,O, 
on specific in vitro T- and B-lymphocyte functions to 
determine if this ROI suppresses human immune re- 
sponses. 


MATERIALS AND METHODS 
Cells 


Peripheral-blood mononuclear cells (PBMCs) were isolated from 
normal whole blood by density gradient centrifugation on Ficoll- 
Hypaque. The cells were washed three times in Hank’s balanced 
salt solution (HBSS) and resuspended to 10° cells per milliliter in 
RPMI 1640 medium supplemented with 10% to 20% human AB 
serum. 


Reagents 


Hydrogen peroxide, butylated hydroxytoluene (BHT), butyl- 
ated hydroxyanisole (BHA), n-propyl gallate (NPG), bis-N-methyl 
acridinium nitrate (NMN), and 2-mercaptoethanol (2-ME) were 
purchased. 


Mitogen Assays 


The proliferative responses of PBMCs to the T-cell mitogens 
phytohemagglutinin (PHA-M) and concanavalin A (ConA) and the 
B-cell mitogen pokeweed mitogen (PWM) were measured by 
incubating 210° cells in medium supplemented with 10% AB 
serum in 96-well flat-bottom microtiter plates. The cells were 
stimulated with 250 mg/L of PHA-M, 10 mg/L of ConA, or 100 mg/L 
of PWM and incubated at 37°C in 5% carbon dioxide-95% air as 
described in the text, and then pulsed with 0.6 wCi (2.2x 104 
becquerel) per well of tritiated thymidine (“H-TdR; specific activ- 
ity, 2.0 Ci/mmol) for 18 hours. Plates were then harvested onto 
glass filters using a eell harvester. The filters were air dried and 
placed in scintillation vials with 3 mL of scintillation fluid and 
counted in a liquid scintillation counter. All experiments were 
performed in triplicate. 


Mixed Lymphocyte Culture 


One-way mixed lymphocyte cultures (MLCs) were performed by 
culturing 10° responder PBMCs with 10° irradiated (300 rad 
[30 Gy], cesium source) allogeneic PBMCs in medium supple- 
mented with 20% AB serum. The cultures were incubated at 37°C 
for five days, then pulsed with *H-TdR and harvested as described 
for mitogen assays. 


Generation of Cytotoxic T Lymphocytes 


Cytotoxic T lymphocytes (CTLs) were generated by culturing 
10° responder and 10° irradiated allogeneic cells in 1 mL of medium 
supplemented with 20% AB serum in 24-well tissue culture plates. 
On day 8, the cells were harvested, washed three times with HBSS, 
and resuspended to 5 x 10° cells per milliliter in medium with 10% 
fetal bovine serum (FBS). Target cells were prepared by culturing 
nonirradiated stimulator or third-party PBMCs in the presence of 
250 mg/L of PHA-M for three days. These PHA blasts were then 
washed three times in HBSS and grown for an additional five days 
in medium with 10% agamma human serum and 10% human IL-2. 
The blasts were then eollected, washed three times in HBSS, and 
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resuspended to 10’ cells per milliliter with 250 wCi (9.3 x10° 
becquerel) of sodium chromate (Cr). The cells were labeled with 
*'Or at 37°C for one hour, then washed three times in HBSS with 5% 
FBS and resuspended to 10° cells per milliliter in medium with 10% 
FBS. The CTL assay was performed by incubating 5 x 10° CTLs 
with 10* target cells (50:1 ratio) in 200-uL final volume. The assay 
was performed in 96-well V-bottom plates by mixing the cells and 
centrifuging them at 100 g for ten minutes. The plates were 
incubated at 37°C in 5% CO,-95% air for four hours, after which the 
plates were centrifuged at 400 g. The supernatant was removed, 
and released “Cr was measured in a gamma counter. 


Production of and Assay for IL-2 


The effect of H,O, on IL-2 production was determined by adding 
50uM to 1004M H,O, to an allogeneic MLC. The MLC supernatants 
were collected three days later, centrifuged at 400 g to remove 
cells, and assayed for IL-2 activity on murine IL-2-dependent 
HT-2 cells. The assay was performed by plating 0.1 mL of the MLC 
supernatants with 5 x 10° HT-2 cells (in 0.1 mL of medium supple- 
mented with 2mM L-glutamine, nonessential amino acids, ImM 
sodium pyruvate, 504.M 2-ME, and 10% FBS) in 96-well flat-bottom 
plates. The plates were incubated for 18 hours at 37°C in 5% 
CO,-95% air, then pulsed for four hours with °H-TdR and har- 
vested as described for the mitogen and MLC assays. Dilutions 
(1:10 to 1:640) of human IL-2 were included in each assay as 
contrels. 


Assay for Total Cellular Thiols 


Total cellular thiols were quantitated by the procedure of Ayers 
et al. We resuspended PBMCs in phosphate-buffered saline and 
platec them into 96-well microtiter plates at 10° cells per well. The 
cells were lysed with hypotonic phosphate-buffered saline, and 
each well was treated with 2 mg/mL of the thiol-specific fluo- 
rochreme N-4-(7-diethylamino-4-methyleoumarin-3-yl)phenylma- 
leimide. The plates were read on a 96-well plate fluorometer. 


RESULTS 
Effect of H,O, on In Vitro Immune Responses 


A 50uM concentration of H,O, blocked PHA and ConA 
responses by approximately 50%, and 1004M H,O, inhibited 
the responses by more than 90% (Fig 1). The proliferative 
response in the MLC was more sensitive; 50uM H,O, 
inhibited the MLC response by 88% and blocked the 
generation of CTLs by 99%. However, even 200u.M H,O, did 
not cause appreciable cell death, as determined by trypan 
blue dye exclusion, within 24 hours after treatment. 

The PWM response was more resistant to H,O, than was 
the response to T-cell mitogens. The PWM response was 
stimulated over twofold by 50u.M H,0,, although 1004M and 
200n.M H,O, inhibited the response by 22% and 95%, 
respectively. 


H-O, Inhibition of Early Events in T-Cell Activation 


In Fig 1, the addition of 2004M H,O, is shown to block 
the PHA response by more than 90%. However, when the 
cells were first stimulated with PHA and then H,O, was 
added at various times afterward, only 10% to 25% inhibi- 
tion was observed (Fig 2). In fact, 2004M H,O, exhibited no 
inhibition of 7H-TdR uptake when added 50 minutes after 
PHA. 
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Fig 1.—Effect of hydrogen peroxide on in vitro immune responses. 
Hydrogen peroxide was added to cultures prior to addition of 
mitogens orallogeneic cells. Cultures were then treated with T-cell 
mitogens (pnytohemagglutinin [PHA] and concanavalin A [ConA]) 
or a B-cell mitogen (pokeweed mitogen [PWM]). Cultures were also 
stimulated by allogeneic cells and assayed for proliferative re- 
sponse (mixed lymphocyte culture [MLC]) and generation of cyto- 
toxic T lymphocytes (CTLs). Data are expressed as percent of 
control (without H,O.) responses. 


Effect of H,O, on IL-2 Production in the MLC 


As can ce seen in Table 1, 10uM to 50uM H,O, inhibited 
the uptake of *H-TdR in the MLC by 18% to 63% 
with no corresponding inhibition of IL-2 production. At 
100uM to 2004M H,0,, we noted 45% to 57% inhibition of 
IL-2 production and 74% to 90% inhibition of the MLC 
response. 


Effect of Antioxidants on H,O,-Mediated Inhibition 


The lipic antioxidants BHA, BHT, and NPG react with 
lipid radicals and prevent further oxidative damage. These 
three compounds are synergistic and are therefore most 
effective when used together.” As can be seen in Table 2, 
0.luM BHA/BHT/NPG blocked more than 75% of the 
inhibitery effect of H,O,. Although NMN can react with 
both lipid radicals and H,0,, it was found to be less effective 
in protecting the cells from oxidative damage. We found 
that 2-ME, which reacts with ROIs, lipid radicals, and 
disulfides, blocked 82% of the inhibitory effect when added 
simultaneously with H,O, but had no effect when added 
ten minutes after the addition of PHA. Vitamin E (1 to 
100 mg/L) was also tested, but it decreased the inhibitory 
effect of H-0, by only 8% to 12% (data not shown). 


H-O, inhibitory Effect Not due to Oxidation of 
Sulfhydryls 


r “We previously showed that cellular thiols are important in 


the regulation of human T-cell proliferative responses.” To 
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Fig 2.—Hydrogen peroxide inhibition of early event in T-cell activa- 
tion. Hydrogen peroxide (2004M) was added before or at various 
times after addition of phytohemagglutinin. Data are expressed as 
mean+SD. Shaded area represents mean+SD of control re- 
sponse. °H-TdR indicates tritiated thymidine; cpm, counts per 
minute. 
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Table 1.—Effect of Hydrogen Peroxide 
on IL-2 Production in MLC* 


H:O» M MLC Responset % Inhibition IL-2¢ % Inhibition 
0 27 103 13783 TY 
0 





200 2646 90 5950 57 


*IL-2 indicates interleukin 2; MLC, mixed lymphocyte culture. 
tMean counts per minute of tritiated thymidine uptake. 
Mean counts per minute of tritiated thymidine uptake by HT-2 cells. 


determine if H,O, oxidized cellular thiols, PBMCs were 
treated with H,O, and then assayed for total cellular thiols 
and for the proliferative response to PHA. As can be seen in 
Fig 3, 200uM H,O, did not decrease the total cellular thiols 
but blocked the PHA response by 92%. When the cells were 
treated with H,O, in the presence of 0.luM BHA/BHT/ 
NPG, we again observed no change in total cellular thiols, 
but PHA responsiveness was inhibited by only 21%. These 
data suggest that the inhibitory effect of H,O, was not 
caused by thiol oxidation. 


COMMENT 


These studies demonstrated that H,O, is a potent inhib- 
itor of in vitro T-cell responses. The effect of H,O, appeared 
to be directed toward early events in the activation process, 
since adding H,O, to PBMCs only 70 s after stimulating 
them with PHA resulted in a loss of more than 75% of the 
inhibitory activity. We have not yet determined if H,0, acts 
on both T cells and macrophages (monocytes), both of which 
are necessary for the in vitro responses studied here. 
However, removal of the macrophages by adherence or the 
addition of 13 to 27 units/mL of interleukin 1 (IL-1) did not 
diminish the inhibitory effects of H,O, on PHA respon- 
siveness (data not shown). In addition, 504M H,O, inhibited 
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Tabie 2.—Effect of Lipid Antioxidants 
on Hydrogen Peroxide—Mediated Inhibition* 
PHA Response 
Treatmert (Mean + SD)t 


Control 26 744 + 1341 
200uM H,O, 408 +272 


104M BHA/BHT/NPG 25772+ 1496 
H,0,+BHA/BHT/NPG (0.014M) 20772 + 1966 
H,O, + BHA/BHT/NPG (0.1M) 20 458 +242 
H2O; +BHA/BHT/NPG (1.0M) 17143 +889 


100uM NMN 23 596 + 1478 



























HO, +NMN (14M) 14889 +2005 
H203 +NMN (10uM) 15830 +2607 
HO, +NMN (100M) 16492 +2932 


25216+2296 
H20, +2-ME (10M) at 0 min 22 113 +3429 
H20; + 2-ME (104M) at 10 min 207 + 1515 


*PHA indicates phytohemagglutinin; BHA, butylated hydroxyanisole; BHT, 
butylated hydroxytoluene; NPG, n-propyl gallate; NMN, bis-N-methyl acridin- 
ium nitrate; and 2-ME, 2-mercaptoethanol. 

TAI cultures were stimulated with 250 mg/L of PHA, and proliferative 
response was measured on day 2. Expressed as counts per minute of tritiated 
thymidine. 
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Fig 3.—Effect of hycrogen peroxide on lymphocyte thiols. Periph- 
eral-blood mononuclear cells were treated with 200uM H,O, in 
presence and absence of 0.1M butylated hydroxyanisole—buty- 
lated hydroxytoluene—n-propyl gallate (BHA/BHT/N PG). Cells were 
then assayed for total cellular thiols and for proliferative response to 
phytohemagglutinin (PHA). Total thiols are expressed in fluorescent 
units (U), and PHA response as counts per minute of tritiated 
thymidine incorporated. 


the generation of CTLs by 99% but had no effect on the 
production of IL-2. Since the production of IL-2 is depend- 
ent on production of IL-1 by the macrophage, our findings 
suggest that H,O, may inhibit the T cells directly. 

The inhibitory activity of H,O, was blocked by more than 
75% by the lipid antioxidants BHA, BHT, and NPG. These 
findings are consistent with the known involvement of 
unsaturated fatty acids in lymphocyte activation. For exam- 
ple, phosphatidylinositol, a membrane phospholipid that 
usually contains at least one unsaturated fatty acid, is 
cleaved shortly after T-cell activation by phospholipase C to 
produce diacylglycerol.“ Diacylglycerol is thought to be the 
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activetor of membrane-bound protein kinase C,” which in 
turn phosphorylates cytoplasmic proteins involved in the 
activetion process.” Diacylglycerol must contain one unsat- 
urated fatty acid to activate protein kinase C,” and the 
oxidacion of this fatty acid might prevent its function. In 
addit:on, the production of prostaglandins and leukotrienes 
from arachidonic acid is thought to be important in T-cell 
activation.” Arachidonic acid has four double bonds to serve 
as targets for peroxidation and is readily oxidized.”” How- 
ever, additional experiments are needed to demonstrate the 
presence of lipid peroxidation products in H,O,-treated cells 
befor2 we can state definitively that this is the mechanism 
by which H,O, inhibits T-cell activation. 

Although H,O, is unable to oxidize lipids directly,” in the 
presence of Fe** (or Cu*), H,O, can be reduced to OHs, 
which reacts with lipids, sugars, proteins, and sulfhydryls. 
The OH¢ radical is highly reactive, so the oxidative damage 
caused by this ROI is probably directed at the first cellular 
structure it contacts, the cell membrane. On the other 
hand. H,O, passes through the membrane and ean therefore 
react with cytoplasmic molecules, such as DNA or cellular 
thiols. It is unlikely that H,O, reacts with a significant 
number of cellular thiols, since we demonstrated that 
treat ng PBMCs with 2004M H,0, did not decrease the total 
pool of cellular thiols. However, the fact that the lipid 
antioxidants were able to block only 75% of the inhibitory 
activ ty of H,O, suggests that H,O, might also react with 
other cellular components. 

The phagocytic cells are the primary source of H,O, in 
vivo. Neutrophils and macrophages respond to a variety of 
stimuli by producing a respiratory burst, in which nicotin- 
amid2—adenine dinucleotide phosphate (reduced form) ox- 
idase reduces O, to O,”. This is immediately reduced to 
H,0,. of which more than 90% is released from the phago- 
cytic cell into the surrounding tissue.*"* Normally, H,O, is 
scavenged by catalase. However, if the production of H,O, 
exceeds the amount that can be removed by catalase, then 
H,O, molecules will be available to react with tissues. In 
fact, it is now thought that the adult respiratory distress 
syndrome associated with burns is due to neutrophil- 
mediated lipid peroxidation in the lungs. Recent studies 
have shown that the lipid antioxidant vitamin E, hydroxyl 
radical scavengers (dimethylsulfoxide, dimethylthiourea), 


or ar: iron chelator (deferoxamine) block more than 70% of » 


the ecute lung injury in experimental animals.* Further- 
more, Rundus et al* showed that parenteral vitamin E 
administered to burned mice dramatically improved cell- 
mediated immunity, although the authors attributed these 
results to a possible immunopotentiating effect of the 
vitamin. We have not found an immunopotentiating effect of 
vitamin E, but this may be because vitamin Eis a relatively 
poor antioxidant in vitro.” As yet, no clinical trial has been 
performed to assess the effect of antioxidants on immu- 
nologie responses and adult respiratory distress syndrome 
in burned patients. 

There are as yet few data on the extent of lipid peroxida- 
tion in burned patients. Hiramatsu et alë demonstrated 
eleveted lipid peroxide (malondialdehyde) levels in five 4 
patients suffering from thermal injury. We are currently 
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investigating the level of lipid peroxides in burned patients 
to correlate these data with suppression of cell-mediated 
immunity. 
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Discussion 


Rogerr C. ALLEN, MD, Fort Sam Houston, Tex: The results of 
Freed et al are consistent with those presented by others. For 
example, Aune and Pierce (Proc Natl Acad Sci USA 1981;78:5099- 
5103) reported that soluble immune response suppressor (SIRS), a 
product of ConA-activated Ly’* T lymphocytes, is modified by a 
macrophage-derived factor and that the resultant product, macro- 
phage-derived suppressor factor (Mo-SF), is able to suppress in 
vitro antibody response, DNA synthetic response in both B cells 
and T cells against mitogen stimulation, and division of several 
tumor cell lines. 

Both SIRS and Mo-SF have approximately the same molecular 
weight, 45 kilodaltons as opposed to 55 kilodaltons, and, inter- 
estingly, the Mọ-SF formation was sensitive to inhibition by 
catalase as well as by antioxidants. It was, however, resistant to 


_ inhibition by pretein and prostaglandin synthesis inhibitors. These 
r authors concluded that the SIRS derived from T cells was modified 


by hydrogen peroxide generated by the macrophage and that the 
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end product, that is, Mb-SF (now called SIRS,,), mediated sup- 
pressor activity. To further substantiate this point, they measured 
the effect of added hydrogen peroxide. In their studies, 0.1 to 
1 pmol of hydrogen peroxide was capable of substituting for the 
macrophage contribution, in converting SIRS to SIRS,- 

In a later study, these same authors (Proc Natl Acad Sci USA 
1982:79:3808-3812) reported that immune suppression by a tibro- 
blast (type 1) interferon (interferon B) was prevented by catalase 
and antioxidants and concluded that hydrogen peroxide affected 
the action of this interferon in a manner similar to that described 
for macrophage-peroxide—mediated SIRS activation. 

There are many other reports on the role of macrophage-derived 
hydrogen peroxide in immune suppression, but time will not 
permit a review of all of them. The Boraschi group has published 
several articles in this regard, that is, the action of peroxide 
generated by macrophages in suppressor activity (Immunology 
1983;50:359-368 and J Immunol 1983;131:1707-1713). Fischer and 
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Bostick-Bruson (J Immunol 1982;190:1770-1774) reported that 
monocyte suppressor activity observed in Hodgkin’s disease in- 
volved hydregen peroxide generation and that hydrogen peroxide 
suppresses T-cell proliferation in both normal and untreated 
patients. 

Before we completely accept the premise that hydrogen perox- 
ide is indeed a modulator of immunosuppression, which I believe it 
is, we should consider the importance of proportionality in testing 
in vitro. If we consider the erythrocyte, for example, approx- 
imately 0.1% of its dry weight is catalase. To put that in perspec- 
tive, approximately 0.02% of the dry weight of erythrocytes is 
superoxide dismatase. Erythrocytes contain a great deal of cata- 
lase, to which anyone who has ever put a drop of blood in 3% 
hydrogen peroxide will attest, and this probably bespeaks its 
physiologic necessity. 

Likewise, myeloperoxidase (MPO), the enzyme that gives neu- 
trophils their greenish color, makes up approximately 5% of the dry 
weight of po_ymorphonuclear neutrophils. Both catalase and MPO 
can react with hycrogen peroxide essentially at diffusion control 
rates. Therefore, the systems for in vivo utilization and destruction 
of peroxide are very effective and present in high concentrations. 
From data oreserted in another study, 510° stimulated neu- 
trephils in ane hour are capable of generating about 0.2 umol of 
peroxide under ideal conditions. In fact, if you have true phago- 
cytosis with phagolysosome formation in the presence of erythro- 
cytes, it is very difficult to measure any hydrogen peroxide 
because of rapid censumption. 

Does this mean that hydrogen peroxide is not important in a 
physiologic sense? No, I do not believe that is the case. Rather, it 
might imply the necessity of very tight cell-to-cell contact for 
effective peroxide-mediated inhibition. Macrophages do not con- 
tain a large cuantity of peroxidase even though the monocytes from 
which they are derived do have a relatively high MPO concentra- 
tion. Once < monocyte converts to a macrophage, close contact 
between the macrophage and the target, for example, a lympho- 
cyte or a humoral product, might result in localized exposure to 
very high ccncentrations of hydrogen peroxide. 

It is gooc to ecnsider the role of hydrogen peroxide in lipid 
peroxidatior. However, the conclusion of the present study, that 
lipid peroxidation is involved in inhibition, is based on indirect 
evidence. Direct evidence is required to firmly establish the role of 
lipid peroxidation in immune suppression. 

WiLuiam McCasg, MD, Boston: Mr Freed, I think that your 
study convircingly demonstrates that hydrogen peroxide did block 
T-cell proliferatior. I am quite puzzled about one feature of the 
study, however. There seems to be a vast volume of data about 
immunosuppression in patients with burns and trauma. These data 
deal almost exclusively with T-cell-mediated immune function, 
which from all experimental evidence seems to be of crucial 
importance in the control of intracellular pathogens such as 
Pneumocystis, tuberculosis, and Salmonella. Certainly, our expe- 
rience with acquired immunodeficiency syndrome (AIDS) has 
reinforced tais. Yet, with a couple of exceptions, there is not much 
evidence that cell-mediated immunity has an important role in the 
control of infections usually seen in the surgical ward or on a 
medical service—those caused by coliforms, other enterobac- 
teriaceae, staphylococci, and so on. 

Therefore, my question is, How does the demonstration of 
immunosuppressien of cell-mediated immunity account for the 
preponderance of infections caused by bacteria that are controlled 
primarily by the effects of humoral antibody and phagocytes rather 


than cell-mediated immune mechanisms? 


Marc Eric Lanser, MD, Boston: The membrane alterations 
that you describe appear to be due to hydrogen peroxide. Because 
of the early nature of the effect, I agree with that. I do not think 
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that you have entirely ruled out alterations of membrane sulfhy- 
dryl groups. As these membrane sulfhydryl groups form only a 
small percentage of the total cellular sulfhydryls, you may not be 
able to detect changes in these groups that may, in fact, be 
extremely important for ligand binding. The importance of these 
membrane groups have previously been demonstrated in neu- 
trophis. How do you specifically measure the alterations in 
memtrane sulfhydryl groups, and have you actually measured lipid 
perex_de products on the cell membrane? I think the mechanism 
that rou postulate is a very real one, but I would like more 
confirmation. 

Mark JORDAN, MD, Toronto: Have you speculated on the 
difference in concentrations with regard to the production of your 
MLC -esponse and the synthesis of IL-2 being inhibited by a much 
highe~ concentration? Could this be due to altered IL-2 receptor 
expression at the lower concentrations, which thereby would not 
affect. synthesis of IL-2 at that point until one moved to a higher 
conee itration? Or have you looked at the possibility that this might 
be due to altered IL-1 production by the macrophages in your 
population? 

Mr FREED: The point that Dr Allen made about the proximity of 
cells 3 important. However, it would be presumptuous of me to 
extradolate from an in vitro study what is going on in situ, 
particularly since the defect in the immune response in situ is likely 
to be a multisystem defect. Clearly, other investigators have shown 
defects in lymphocyte responses, neutrophil function, and macro- 
phage function. What I am trying to demonstrate is that there may 
be aGditional mechanisms to explain the observed lymphocyte 
defects. I think that in a clinical setting a combination of these 
defects may produce the immunosuppressed state. I believe that 
should answer Dr McCabe's question about neutrophil function as 
well. 

Dr Lanser, concerning the possible oxidation of membrane thiol 
groups, our laboratory is actively involved in studying the role of 
cellular thiols in T cell activation (Cell Immunol 1986;101:181-194). 
We heve used thiol alkylating agents to show that in human T cells 
there do not appear to be cell-surface thiol groups that are 
necessary for T-cell activation. We can alkylate cell surface thiol 
groups with impermeable probes and show no defect in human T- 
cell aetivation, in contrast to what is seen in mouse cells, in which 
cell sarface thiols seem to be very important in the activation 
process. 

Concerning the lipid peroxide products, we have attempted to 
demonstrate the presence of lipid peroxides using the malon- 
dialdehyde assay. However, malondialdehyde reacts with amines 
rapid y, so free malondialdehyde is difficult to measure in most 
systems. We are now attempting to use gas chromatography to 
show whether there is a change in phospholipid composition in 
hydrcegen peroxide-treated cells and which lipids are actually 
oxidized. 

Dr Jordan, we have not yet studied the possible alteration of the 
IL-2 receptor. I would point out that low concentrations of hydro- 
gen peroxide block proliferative responses but do not effect IL-2 
production. Beyond that, we do not know the specific effect of 
hydrcgen peroxide on T-cell activation. 

Altaough I did not previously mention this, we may be looking at 
more than one effect of hydrogen peroxide. Even with the lipid 
antioxidants, we were only able to reverse about 80% of the 
inhibitory effect, so we may also be detecting hydrogen perox- 
ide—rrediated DNA strand breakage, and those cells may not be 
capatle of responding. We are currently investigating this pos- 
sibility. 

Concerning IL-1 production, we have not looked at the produc- 
tion or IL-1, although neither exogenously added IL-1 nor IL-2 was 4 
able to reverse the inhibitory effects of hydrogen peroxide. 
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« Macrophages and Translymphatic Absorption 


Represent the First Line of 


Host Defense of the Peritoneal Cavity 


David L. Dunn, MD, PhD; Roderick A. Barke, MD; David 'C. Ewald; Richard L. Simmons, MD 


è To quantitatethe host defenses of the rat peritoneal cavity, 
nonviable radiolabeled Escherichia coli were injected intraperi- 
toneally and clearance, leukocyte influx, and phagocytosis were 
examinee. Macrophages (MCs) were present initially and re- 
mained relatively constant in number. The polymorphonuclear 
leukocyte (PMN) response began at one to two hours and was 
maximal at 24 to 72 hours. A previously unidentified inoculum- 
dependeat PMN response was defined. Clearance and 
phagocytosis were extremely rapid, and few (<3%) free bacteria 
were present after two hours. Phagocytic activity of MCs and 
PMNs was identical, but MCs were numerically predominant 
initially and thus accounted for the majority of early 
phagocytosis. Thus, MC phagocytosis and clearance represent 
the primary line of host peritoneal defenses. We hypothesize that 
the subsequent imoculum-dependent PMN response may have 
evolved to cope with those larger inocula for which this initial 
response is inadequate. 

(Arch Surg 1987 422:105-110) 


he ability of the peritoneal cavity to deal with infection 

has been the subject of much interest since the 19th 
century, when the remarkable ability of this region to 
combat severe infection in both experimental and clinical 
peritonitis was noted. To define the processes involved, 
early investigaters sought to examine various aspects of the 
anatomie and ptysiologic attributes of peritoneal cavity 
host defenses. These studies produced several concepts 
that served to define the unique manner in which this region 
of the bedy deals with infection. These studies continue to 
be relevant today, as clinical bacterial peritonitis still re- 
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sults in a high mortality despite surgical intervention and 
appropriate antimicrobial therapy. 

Microbes invading the peritoneal cavity encounter sev- 
eral different host defense mechanisms. There exist de- 
fenses that (1) directly remove bacteria from the peritoneal 
cavity (translymphatic absorption); (2) kill the bacteria 
within the peritoneal cavity (complement bacteriolysis, 
phagocytosis, and killing); and (8) sequester bacteria and 
prevent their export into the systemic circulation (fibrin 
trapping, ileus, and omental containment). Within the 
confines of the peritoneal cavity it is readily possible to 
study these interactions experimentally, examining the 
interplay between host defense and microbial virulence. 
The purpose of the present study was to examine the ability 
of phagocytosis and translymphatic absorption to limit 
infection within the rat peritoneal cavity during experimen- 
tal Escherichia coli peritonitis. 


MATERIALS AND METHODS 
Bacterial Isolates and Growth 


A virulent clinical isolate of E coli (114) was obtained from a 
patient with clinical peritonitis at the University of Minnesota 
Hospitals, Minneapolis. The serotype of this strain was deter- 
mined to be 018ab;K56/K7;—. Viable and formaldehyde-killed 
E coli labeled with iodine 125 were prepared as previously de- 
scribed.' Serial dilutions of the killed radiolabeled bacterial sus- 
pension were then made and 1-mL samples were counted in a 200- 
sample gamma counter. A standard calibration curve relating 
gamma counts per minute to the number of radiolabeled baeteria 
was then established. 


Animal Model 


Male Sprague-Dawley rats, weighing 200 to 250 g, were injected 
intraperitoneally (IP) with various bacterial inoculum sizes sus- 
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pended in 1 mL of 0.9% saline. Neither fibrinous exudate nor 
adhesions formed in this model of bacterial contamination, and 
fluid sequestration was not observed. The dose that produced 50% 
lethality was determined after 72 hours by the method of Reed and 
Muench’; it was found to be 1.4 x 10° colony-forming units. Animals 
were injected IP with variable numbers of radiolabeled nonviable 
E coli 114 in1mL of saline. Immediately after injection, at 0.3 hour, 
0.6 hour, and then at hourly intervals up to eight hours and daily for 
four days after bacterial challenge, animals were killed and 10 mL 
of saline was injected IP. This dilution factor was included in all 
calculations. The animals were then agitated for one minute to 
ensure adequate mixing of peritoneal contents, and a midline 
laparotomy was performed. 

Four 1-mL samples of peritoneal fluid were obtained from the 
total of 10 mL removed from all regions of the peritoneal cavity, and 
in two samples the amount of radioactivity was directly deter- 
mined. Immediately after injection, more than 95% of the radio- 
label was recoverable in all cases from the peritoneal fluid sample. 
The remaining two samples were collected in glass tubes contain- 
ing ethylene diamine tetraacetic acid (EDTA) at 4°C and were 
subjected to three cycles of low-speed centrifugation (160 g for ten 
minutes), each cycle followed by resuspension in 0.9% saline. This 
procedure has been demonstrated to be effective in separating 
leukocytes in the pellet from other contaminants and bacteria 
within the supernatant.’ The amount of leukocyte-associated ra- 
dioactivity in each of these samples was then determined. Control 
experiments were performed in which rat peritoneal macrophages 
(MCs) or peripheral polymorphonuclear leukocytes (PMNs) and 
nonviable radiolabeled E coli were combined in vitro in glass tubes 
containing EDTA at 4°C and similarly centrifuged, and either the 
pellet was stained with Wright’s stain and observed microscop- 
ically or the radioactivity was directly measured. These experi- 
ments demonstrated no attachment of the bacteria to the cells or 
phagocytosis. In addition, bacteria alone did not sediment during 
the low-speed centrifugation steps. Punch biopsy specimens (3 mm 
in diameter) of the rat parietal peritoneum were obtained at 0, 2, 4, 
6, and 8 hours after bacterial challenge and were washed with 
saline three times prior to gamma counting. No significant ad- 
herence of radiolabeled Æ coli (<10°) occurred at any time point 
from zero to eight hours after bacterial challenge. 


Quantitation of Host Peritoneal Leukocyte Populations 


Animals were injected IP with 2 x 10° nonviable E coli in 1 mL of 
0.9% saline. These bacteria were prepared in a similar fashion to 
the “I-labeled E coli, with the exception of omission of the iodine 
label from the growth medium. Animals were prepared for sample 
collection as described above. Four 1-mL samples of peritoneal 
fluid were obtained in glass tubes containing EDTA at 4°C. Cell 
counting was directly performed by use of a cell counter. Portions 
of the two remaining samples from each animal were centrifuged at 
160 g for ten minutes and layered onto glass slides in duplicate, 
allowed to adhere for five minutes, and stained with Wright’s stain. 
Differential counts were then performed by use of light micros- 
copy. One hundred random cells were counted per slide. The mean 
total number of intraperitoneal leukocytes as well as total MC and 
PMN subpopulations were calculated and expressed as cells 
x10’+SD. 


Assessment of Phagocytosis 


A modification of the method of Pantazis and Kniker* was used. 
Peritoneal fluid was obtained as described above for quantitation of 
leukocyte populations and was layered directly onto glass cover- 
slips and allowed to adhere for five minutes. A solution of acridine 
orange dye (0.2 mg/mL) was prepared each day and layered on, and 
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Time After Bacterial Challenge, h 


Fig 1.—Kinetics of bacterial removal by absorption or phagocytosis 
within rat peritoneal cavity. Animals received initial challenge of 
5x 10° (triangles), 2x 10° (squares), or 8 x 10° (circles) nonviable 
iodine 125-labeled Escherichia coli 114 intraperitoneally. Data are 
ratio calculations of remaining (l)/initial (l) radiolabel for total 
intraperitoneal radiolabel. Each point represents mean+SD from 
experiments using ten animals. 


staining was allowed to proceed for 45 s. At the end of the staining 
period the dye was gently decanted off the coverslip, which was 
gently washed once with 0.9% saline and then placed on a glass 
slide with the stained side down. The number of intracellular 
bacteria in both MCs and PMNs was then determined by use of 
ultraviolet fluorescent microscopy. The MCs were readily distin- 
guished from the PMNs on the basis of nuclear morphologic 
characteristics. Intracellular bacteria were also readily distin- 
guished from lysosomal granules by their larger rod-shaped form. 
A total of 100 random cells per slide were counted, and the average 
number of intracellular bacteria per either MC or PMN was 
expressed as the phagocytic index (PI). 


Statistical Calculations 


In all assays, values at each time point were compared by use of 
an unpaired two-tailed Student’s t test and standard tables. 


RESULTS 
Peritoneal Clearance and Leukocyte 
Association of Nonviable Radiolabeled E coli 


Clearance and leukocyte association were studied using 
5x10, 2x 10°, or 8x 10* radiolabeled nonviable E coli 114. 
The data were expressed by use of ratio calculations of 
remaining/initial radiolabel. Both clearance and phagocyto- 
sis were extremely rapid, removing large numbers of 
bacteria at all inoculum sizes examined. In the first two 
hours after injection of 210° E coli, clearance accounted 
for 77.3%+4.3% and phagocytosis accounted for- 
20.0% +4.2% of bacterial removal. Thus, few (<3%) free 
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Time After Bacterial Challenge, h 


Fig 2.—Kinetics of Dacterial removal by absorption or phagocytosis 
within rat peritoneal cavity. Animals received initial challenge of 
5x10 (triangles), 2 x 10® (squares), or 8 x 10° (circles) nomviable 
iodine 125—labelec Escherichia coli 114 intraperitoneally. Data are 
ratio calculations of remaining (1)/initial (|,) radiolabel for leukocyte- 
associated radiolabel. Each point represents mean + SD from ex- 
periments using ten animals. 


bacteria were present after two hours. Clearance was 
responsible for removal of more than 60% of the bacterial 
numbers within the first two hours at all inoculum sizes (Fig 
1). Phagocytosis accounted for removal of 20% to 30% of the 
microbes within the first hour after bacterial injection (Fig 
2). Blood and organ uptake coincided in quantitative fashion 
with disappearance of radiolabel within the peritoneal 
cavity (data not shown). 


Clearance of Nonviable Radiolabeled E coli 
Plus Nonviable E coli From Peritoneal Cavity 


This experiment was performed to determine the effec- 
tive capacity of IP host defenses. A large number (2 x 10°) of 
unlabeled nonviable Æ coli 114 was simultaneously injected 
with 210° nonviable radiolabeled Æ coli 114, the latter 
being utilized as a tracer, and clearance and phagocytosis 
were assessed. Under these conditions, clearance of 2 x 10° 
E coli 114 from the peritoneal cavity was inhibited starting 
one hour after bacterial challenge compared with animals 
that received only 2 x 10° nonviable radiolabeled E coli 114 
(P<.01) (Fig 3). Leukocyte uptake of radiolabel was slightly 
inhibited (compared with similar control animals that re- 
ceived only 2 x 10° nonviable radiolabeled Æ coli), but not to 
a statistically significant degree (Fig 4). Thus, inhibition of 
both IP bacteria! clearance and phagocytosis occurred, the 
former to a more significant degree. 


Total Peritoneal Leukocyte, PMN, and MC Numbers in 
the Peritoneal Cavity After E coli Challenge 


The average number of leukocytes present initially 
within the periteneal cavity was found to be 2.9+0.15 x 10’ 
cells. The resident leukocyte population of the peritoneal 
cavity was found to consist almost entirely of MCs and lym- 
phocytes. Total peritoneal leukocyte numbers increased 
beginning one to two hours after the IP introduction of 
F~ viable or nonviable E coli (Fig 5). This increase was almost 
entirely due to an increase in PMNs. By eight hours after 
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Fig 3.—Clearance of 2x10° nonviable radiolabeled Escherichia 
coli 114 plus 2 x 10” nonviable E coli 114 from peritoneal cavity. Total 
intraperitoneal radiolabel is expressed as ratio of remaining 
(I)/initial (1) radiolabel. Each point represents mean+SD from 
experiments using ten animals. Asterisks indicate P<.01. 
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Fig 4.—Clearance of 210° nonviable radiolabeled Escherichia 
coli 114 plus 2x10" nonviable E coli 114 from peritoneal! cavity. 
Leukocyte-associated radiolabel is expressed as ratio of remaining 
(l)/initial (|,) radiolabel. Each point represents mean+SD from 
experiments using ten animals. 


challenge, nearly 7 x 10’ leukocytes were present. The MC 
population, however, remained relatively constant in num- 
ber, the increase being primarily due to an influx of PMNs 
(Table 1). This influx of PMNs and thus total leukocytes was 
related to the size of the bacterial inoculum. This response, 
however, was nearly maximal at inoculum sizes of as little as 
10* (Fig 6). The in vivo chemotactic response was prolonged, 


Peritoneal Host Defenses—Dunn eta! 107 





: 
| 








œ 
© 


N 
© 
q 
x 
S 
3 
x 
2 
a 
w 
® 
c 
O 
= 
— 
® 
Q 
© 
= 
= 


9 
oO 
cI 


4.0 


sob 


0 





YO A Ot O O NO YT ON O 
oo N FNO 


Time After Bacterial Challenge, h 


Fig 5.—Effect of intraperitoneal challenge with large numbers of 
nonviable Escherichia coli 114 on total number of leukocytes in rat 
peritoneal cavity. Although chemotactic response was similar within 
first 24 hours, only with 210" E coli was response maintained. 
Each point represents mean+SD from experiments using ten 
animals. 


however, when the incculum size was greater than 8 x 10°, 
large numbers of leukocytes being present within the 
peritoneal cavity even 96 hours after the inoculum was 
administered. In animals that received smaller inocula, 
the chemotactic response had largely resolved by 96 hours 
(Fig 5). 


MC and PMN Pis 


Wright’s-stained and acridine orange-stained prepara- 
tions provided differential counts at all time points after 
bacterial challenge that were not statistically dissimilar 
from one another after challenge with 5x10’, 2x10°, or 
8x 10° viable or nonviable Æ coli (P>.1, data not shown). 
Evaluation of the PI indicated that both MCs and PMNs 
possessed similar phagocytic capabilities in this system. At 
all early time points after bacterial challenge, over 50% of 
the total intracellular bacteria were found within MCs by 
virtue of the numeric preponderance of MCs. Large in- 
oculum sizes were associated with high PIs, demonstrating 
the capacity of the phagocytic system to engulf large 
numbers of IP bacteria (Table 2). 


COMMENT 


The interaction of invading microorganisms with perito- 
neal host defenses has long intrigued investigators. Early 
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Table 1.—Total Leukocyte, Macrophage (MC), and 
Polymorphonuclear Leukocyte (PMN) Numbers After 


Inoculation of Rats With 2 x 10° Nonviable Escherichia coli 
Intraperitoneally 





Time After Cell Numbers* 
Bacterial Challenge, te ee ee ea 
h Total MC PMN 
0.3 2.32+0.57 2.12+0.53 0.20+0.11 
0.6 2.35 +0.58 2.13+0.58 0.22+0.09 
1.0 2.33 + 0.65 1.99+0.54 0.33+0.15 
2.0 3.83 + 1.03 2.66 + 0.64 1.17+0.55 
4.0 5.99 + 1.23 2.22+0.71 3.77+1.27 
6.0 6.31 + 1.87 1.91+0.67 5.40+ 1.89 
8.0 6.38 + 2.67 1.89+0.72 4.49 +2.20 


*Valwes represent the mean x 107 + SD cells per milliliter of four separate 
determinations with samples obtained from ten rats per time point. 


studi2s using the IP injection of particulate dyes or graphite 
demonstrated the existence of some form of peritoneal 
absorptive mechanism.” The prevailing hypothesis that 
particles were absorbed through the cytoplasm of the 
diapFragmatic mesothelial cells was largely discounted 
when Florey’ determined that particulate matter was 
cleared adjacent to and not through mesothelial cells. 
Allen,” in a series of elegant studies, demonstrated that 
frog erythrocytes could be histologically identified after IP 
injection entrapped within gaps between specialized perito- 
neal mesothelial cells that overlie lymphatic channels. One 
portion of these erythrocytes was visualized within the 
lymp atic channel lumen, the other within the gap between 
peritoneal mesothelial cells. He then demonstrated that 
graphite particles could be observed in the thoracic duct 
lymp as early as three to five minutes after IP injection in 
rabbits, indicating the rapidity with which some particles 
can be absorbed.” Steinberg” demonstrated that bacteria 
were removed from the peritoneal cavity largely via 
lympnatic vessels, and possibly to a lesser extent via 
mesenteric and omental venules. He performed experi- 
ments in which the thoracic duct effluent was measured in 
dogs and found that huge numbers of bacteria were present 
as early as six to ten minutes after IP bacterial challenge, 
while the blood initially remained sterile. By 30 to 40 
minutes, bacteria were present in both lymph and blood. He 
notec little or no uptake into intervening lymph nodes. 
The anatomic correlate of this particle removal system 
has long been thought to be the lymphatics resting exclu- 
sively under the diaphragmatic mesothelium. Inspiratory 
and expiratory diaphragmatic movements appeared to open 
and close specialized stomas that provided access to 
lymphatic lacunae from the peritoneal cavity. These lacunae 
even-ually led to larger intrathoracic lymphatics, which in 
turn enter the thoracic ducts that drain into the blood- 
stream. Higgins” demonstrated that IP graphite could be 
traced into the thoracic duct effluent of dogs and that 
remcval of the omentum had no effect on the appearance of 
grap nite in the thoracic duct lymph, while phrenic neurec- 
tom}, which produced diaphragmatic atrophy, led to in-*4 
creased translymphatic absorption. Allen and Weather- 
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Fig 6.—Alterations in leukocyte populations within rat peritoneal 
cavity six hours after intraperitoneal challenge with variable num- 
bers of nonviable Escherichia coli 114. Macrophage (MC) popula- 
tion remained relatively constant in number, while polymorpho- 
nuclear leukocyte (PMN) influx became nearly maximal at ineculum 
sizes of 10* or more. Each point represents mean+SD from 
experiments using ten animals. 


ford“ were able to size the stomas with polystyrene 
spheres. In the rat the maximum spherical size that could 
be recovered in the retrosternal lymph nodes was 24 pm, 
and the majerity recovered were approximately 5 wm. 
Cohn” chose to study the effects of Staphylococcus aureus 
and Staphylococcus albus on peritoneal cavity host de- 
fenses in the mouse. He reached several important conclu- 
sions: (1) mortality correlated directly with IP bacterial 
proliferation, (2) organisms that produced a relative delay 
in the appearance of IP PMNs were somewhat more vir- 
ulent, and (8) IP growth occurred when the ratio of bacteria 
to extant IP phagocytes exceeded approximately 104. 

It is apparent that the examination of the interaction of 
host defenses and microbial virulence in an intact host poses 
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Table 2.—Phagocytic Indexes (PIs) of Macrophage (MC) and 
Polymorphonuclear Leukocyte (PMN) Populations After 
Inoculation of Rats With 2 x 10" Nonviable Escherichia coli 
Intraperitoneally 


Time After 
Bacterial 
Challenge, 
i 


0.05 +0.03t 

2.82+1.14 

6.90 +0.57 
11.14 +2.37 
18.04 +3.56 


0.03 +0.02 

2.65 + 0.68 

5.98 + 0.89 
10.16 + 1.86 
14.86 + 1.24 
*Average number of intracellular bacteria per either MC or PMN. Values 


represent the mean+ SD of four separate experiments. 
+P>.1 at all time points, comparing MC and PMN PIs. 


several problems due to its complex nature. Primarily, it is 
necessary to study each component in turn and relate these 
findings to the observed phenomena. In vitro studies are 
utilized with the knowledge that they imperfectly mimic the 
in vivo situation, serving to isolate a specific component for 
closer serutiny. For this reason, we attempted to utilize an 
in vivo experimental model in which various aspects of 
peritoneal host defense could be examined by use of in vitro 
techniques. 

The present studies indicate that the peritoneal host 
defenses of bacterial clearance and phagocytosis deal effec- 
tively with all but large numbers of invading bacteria. 
Although clearance was extremely rapid and responsible 
for removing greater numbers of bacteria from the perito- 
neal milieu than was phagocytosis, it was interesting that 
the clearance system was saturated at high inoculum sizes 
to a greater degree than the phagocytic system was. Those 
IP phagocytes present initially appear to represen: the 
resident peritoneal MC population. This population re- 
mained relatively constant in number, although one cannot 
exclude the possibility that there is prompt influx of circu- 
lating monocytes, despite the fact that the monocyte popu- 
lation shows no net increase after either viable or nonviable 
E coli inoculation. Although the absolute number of MCs 
remains relatively constant, this could occur on the basis of 
nearly identical ingress and egress rates for this cell 
subpopulation. These cells are responsible for initial 
phagocytosis, prior to the arrival of PMNs in the perito- 
neal environment. Both cell populations engulf and inacti- 
vate large numbers of bacteria, and to a very similar extent. 

While the numbers of MCs appear to remain constant 
during IP infection, even small numbers of invading micro- 
organisms generate an extensive PMN response. The initial 
PMN phagocytic response is dependent on the size of the 
bacterial inoculum when small numbers of bacteria are 
present. The maximal cellular response and duration of the 
overall response was found also to be dependent on the 
bacterial inoculum size in this experimental system. It 
seems reasonable to hypothesize that this response has 
evolved to combat effectively those microorganisms that 
have eluded translymphatic absorption and MC phagocyto- 
sis, both of which represent the first line of peritoneal host 
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defense. In addition, the ingress of PMNs appears to 
represent a gradate response by which even overwhelming 
bacterial inocula may be reduced, by virtue of its prolonged 
duration. 

In summary, the initial line of host peritoneal defense 
consists of bacterial clearance via translymphatic absorp- 
tion and phagocytosis of bacteria by autochthonous MCs. 
Both defenses act rapidly and efficiently. Massive influx of 
PMNs occurs after a one- to two-hour delay, even with 
nonlethal inocula, presumably to allow ongoing phagocyto- 


sis in the face of continued bacterial proliferation by those 
organisms that escape clearance and initial phagocytic 
engul‘ment. These combined defenses act to limit rapidly 
and eAminate all but an extremely large bacterial inoculum. 
Further understanding of the mechanisms involved may 
event ally allow us to manipulate the peritoneal host milieu 
to recuce mortality during clinical intra-abdominal infec- 
tion via host defense enhancement. 


This study was supported in part by grants GM 32414 and AI 14032 from 
the Na-ional Institutes of Health, Bethesda, Md. 
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Discussion 


JOHN M. A. Bosne, MD, Toronto: Dr Dunn has demonstrated 
that following inoculation of the peritoneal cavity with nonviable Æ 
coli resident MCs are initially present in the peritoneal cavity in 
greater numbers than PMNs. Over the next few hours, the MC 
population does not change in number, whereas neutrophils enter 
the peritoneal cavity m increasing numbers, which depend on the 
bacterial inoculum. It is therefore inferred that in addition to 
absorption by lymphatics, resident MCs are a first line of defense 
against peritoneal infection. 

This is not surprising. Local host defenses can be divided into 
two factors—preexisting and responding. Preexisting factors in- 
clude resident peritoneal MCs, one of several elements whose 
continuous presence in the peritoneal cavity is designed to prevent 
contamination from becoming infection. Other key elements are 
subdiaphragmatie lymphatics and humoral factors in periteneal 
fluid. 

Neutrophils, on the other hand, enter the peritoneal cavity in 
response to massive contamination. The fact that neutrophils (not 
MCs) respond in numbers that correlate with bacterial inoculum 
suggests that in severe infection neutrophils may play a more 
important early role. 

To prove the importance of MCs as a first line of defense, one 
must look at not only cell numbers but also cell function and 
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physiclogic response. Dr Dunn has studied cell function and shown 
that MCs are as good as neutrophils at ingesting bacteria. Killing 
was net assessed because nonviable organisms were used. 

As sor physiologic response, is there a correlation between the 
number of MCs and any physiologic measure? This may be difficult 
to answer without live bacteria. With live organisms, which you 
have previously used in this system, is there a correlation between 
MC namber and outcome? 

DR Dunn: Utilizing nonviable radiolabeled Æ coli as a tracer isa 
problem when considering the in vivo situation. You obviously have 
to perform these experiments keeping in mind the reality of the 
situat on, which is live bacteria interacting with host defenses. 
However, live bacteria, especially radiolabeled, continually divide; 
the radiolabel is diluted out. 

We performed these experiments in the hope that we could 
delineate some specific components of host defense. Viable or 
nonviable radiolabeled bacteria elicit very similar responses in 
terms of phagocytic capacity. In fact, when we have used the 
acridine orange differential phagocytic test to look at both MC and 
PMN function after a viable bacterial challenge, the results were 
very similar, and that is looking specifically at killing, which can be 
assessed in that assay as well. 


Peritoneal Host Defenses—Dunn et al 


4 Increased Susceptibility to Infection due 


to Infusion of Exogenous Chemotaxin 


Roger W. Yurt, MD, G. Tom Shires, MD 


èe Previous studies indicate that endogenous chemotaxins, 
such as the chemotactic factor C5a, may modulate the function 
of neutrophils (PMNs) and account for increased susceptibility 
to infection a*ter injury. These effects were investigated by 
continuously infusing rats with saline or the chemotaxin 
formy|-methiony!l-leucyl-phenylalanine (FMLP). Rats that sus- 
tained a full-thickness burn covering 30% of total body surface 
area and whose wounds were inoculated with Pseudomonas 
aeruginosa had a significantly shorter survival when FMLP 
was infused (6.5+0.91 days) than did saline-infused rats 
(9.9+0.83 days). Rats infused with FMLP had significantly 
more leukocytes in their burn wounds, significantly fewer 
PMNs in che circulating pool, and the same number of PMNs at 
the site of FMLP infusion compared with the saline-treated 
group. These findings support the hypothesis that chemotax- 
ins generatec by tissue injury or sepsis contribute to in- 
creased susceptibility to infection. 

(Arch Surg 7987;122:111-116) 


gee itis generally accepted that tissue injury leads 
to a depression in host defenses against infection, the 
pathogenesis.of this susceptibility to infection, particularly 
when it becames systemic, is only partially understood. 
Recent studies of a rat model that document a direct 
correlat.on between susceptibility to infection and extent of 
burn injury’ provided a means to study the mechanism of 
decreased host resistance. In those studies,’ fewer neu- 
trophils (PMNs) were found in the wounds of rats with 
larger injuries. Before the depression of the wound PMN 
accumulation, circulating PMNs were found to be more 
responsive in vivo to chemotactic factors, and it was postu- 
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lated that chemotactic factors generated in and released 
from the wound caused indiscrete margination of activated 
circulating PMNs. Others** suggested that endogenous 
chemotactic substances modulate systemic PMN function 
after injury and infection. More recent studies’ of patients 
with thermal injuries indicated that circulating PMNs that 
are activated by the circulating chemotactic factor Cia have 
depressed responsiveness to Cda in vitro. 

To assess the effect of systemic chemotactic factors on 
susceptibility to infection in a controlled manner, rats were 
infused intraperitoneally for 17 days with the bacterial 
chemotactic factor formyl-methionyl-leucyl-phenylalanine 
(FMLP). Rats receiving FMLP infusion were found to have 
significantly reduced survival compared with rats infused 
with saline after a full-thickness burn covering 30% of total 
body surface area (TBSA) that was inoculated with Pseudo- 
monas aeruginosa. Autopsy studies indicated that death 
was due to infection. The FMLP infusion was associated 
with increased cellular accumulation in burn wounds, but 
there appeared to be a slight decrease in the number of 
circulating PMNs. Accumulation of PMNs in the per:teneal 
cavity was not associated with FMLP infusion, and PMN 
response to an intravenous (IV) marginating dose of FMLP 
was unchanged by the infusion. This study indicates that 
exogenous chemotactic factor infusion increases suscepti- 
bility to infection and supports the hypothesis that endog- 
enous chemotactic factors that are generated after injury 
contribute to depressed host resistance. 


MATERIALS AND METHODS 


Sprague-Dawley rats, weighing 350 to 400 g, were used in all 
experiments. Each rat received 0.5 mL of pentobarbital sodium 
(25 mg/kg) intraperitoneally before burn injury. Rats were placed 
in molds so as to expose 30% of the TBSA to 95°C water.’ Contact of 
the rat’s dorsal surface with the water for 10 s caused a full- 
thickness injury. Psewdomonas aeruginosa strain 59-1244 was 
spread on wounds that were inoculated in a 1-mL volume containing 
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Fig 1.—Surwival of rats infused with saline (solid line) or formyl- 
methiony!-leucy!-phenylalanine (FMLP) (broken line) based on 
number of days after full-thickness burn covering 30% of total body 
surface area. Burn wound was inoculated with Pseudomonas 
aeruginosa immediately after burn. Mean survival time was signifi- 
cantly (P<.02) shorter in the FMLP-infused rats. 


Culture 
SN a 
Wound, Blood, No. 
CFU/g x 10° Positive 


6.3+3.4 
63.5 +27.4} 


*FMLP indicates formyl-methionyl-leucyl-phenylalanine; CFU, colony- 
forming units. 

tNumber with multiple organisms/total number. 

+P<.01. 

§P<.05. 


Spleent 





10° colony-forming units (CFU) within 30 minutes after burn as 
previously described.’ Quantitative full-thickness wound biopsy, 
spleen, and blood cultures were performed as described.* Wound 
tissue specimens were fixed in 4% buffered formaldehyde solution. 
Tissue sections stained with hematoxylin-eosin or Giemsa stain 
were evaluated in a blinded manner by two investigators. Leuko- 
cytes in the tissue and vessels at the subcutaneous—panniculus 
carnosus junction were enumerated in 30 high-power fields (HPF) 
with an image analysis system (Optomax 40-10). Leukocyte differ- 
ential counts were performed by visual categorization of 100 
leukocytes in these fields. 

In experiments requiring sequential blood sampling or systemic 
infusions, an indwellng superior vena caval catheter was placed 
according to previously described methods’ at least one day prior 
to study. The catheter was irrigated with sterile normal saline 
containing 1 U of heparin per milliliter and sealed between uses. 
Blood samples of 100 to 200 uL were drawn into syringes containing 
heparin such that the final concentration of heparin was 10 U/mL of 
blood. In vivo response of PMNs to infusion of FMLP was 
determined by enumeration of the number of circulating PMNs 
before and after infusion of 5.0 nmole of FMLP in a 0.5-mL volume 
of sterile normal saline as previously described.*” No more than 
1.2 mL of blood was drawn from any rat. 
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Continuous systemic infusion of saline or FMLP was performed 
by fillmg a mini-osmotic pump (Alzet model 2002) with the desired 
solutien before placing it in the peritoneal cavity of the rat. The 
pump was implanted via a 1.5-em upper midline incision while the 
rat wes under anesthesia with a combination of droperidol and 
fentaryl citrate (0.05 mL intramuscularly) on day 0 of the experi- 
ment. The pumps contained a mean of 238 uL of solution and 
released the contents at a rate of 0.48 L/h such that pumps that 
contained FMLP continuously released 1.2 nmole of FMLP per 
hour fr 17 days. The FMLP solution had minimal osmotic effect 
since the concentration of FMLP was 2.5 mEq/L; the total amount 
of FMLP delivered each day was 28.8 mEq. In experiments 
desigred to determine the number of PMNs in the peritoneal 
cavity rats were anesthetized with droperidol and fentanyl citrate 
(0.05 mL intramuscularly) and lavaged with 20 mL of sterile 
normal saline containing 1 U of heparin per milliliter. After gentle 
massaze of the abdomen, the fluid contents of the peritoneal cavity 
were recovered via an asanguineous midline incision. The volume of 
fluid r2turned from lavage of the peritoneal cavity of rats that had 
sham n=10), saline (n=13), or FMLP (n=18) osmotic pumps was 
12.2+).4, 12.4+0.7, and 12.0+0.8 mL, respectively. The total 
number of PMNs in the peritoneal cavity was determined from 
leukocyte counts in the lavage fluid using a counter (ZBI Coulter) 
and from standard differential counts. 

Data are expressed as means+SEMs. Survival times were 
compared by analysis of variance (ANOVA). Quantitative bacterial 
counts and peritoneal PMN counts were evaluated as the log of the 
counts and compared by ANOVA. Multiple comparisons were 
performed after ANOVA with the Student-Newman-Keuls test.” 
Differences were considered to be significant when P<.05. 


RESULTS 


When rats sustained a 30% TBSA burn and inoculation of 
the wound with 10° CFU of P aeruginosa five days after 
infusion of FMLP (n =11) or saline (n= 12) was initiated, the 
mortelity was 100% by 13 days after burn. However, sur- 
vival time (Fig 1) in the FMLP-infused rats was signifi- 
cantly reduced (P<.02) to 6.55+0.91 days compared with 
the saline-infused rats (9.92 + 0.83 days). In a similar exper- 
iment, there were no deaths in rats that had a sham 
procedure (n= 5) or FMLP infusion (n = 5) plus a30% TBSA 
burn without inoculation of the wound. To determine the 
cause of death after infusion, burn, and inoculation, a 
prospective autopsy study that included blood, spleen, and 
quantitative wound cultures was performed. Four days 
after vurn and inoculation, rats that had been infused with 
FML? (n=5) or saline (n=5) according to the above pro- 
tocol underwent autopsy. Two of the FMLP-infused rats 
died spontaneously just prior to autopsy. An additional five 
rats in each group underwent autopsy five days after burn 
and inoculation. Two of the saline-infused rats died spon- 
taneously on this day prior to autopsy. Overall, the day of 
autopsy made no difference in autopsy findings. Evaluation 
of the-abdomen revealed no inflammation, edema, or ascites 
in either group. All wounds contained P aeruginosa. Seven 
wounds in the saline group and the same number in FMLP 
groups contained nothing but P aeruginosa, while three 
and one in each group contained P aeruginosa plus Proteus 
species and Proteus species plus P aeruginosa, respectively 
(the first listed being the predominant organism). There 
were significantly more bacteria in the FMLP-infused 
wounds than in the saline group (Table 1). The four rats that 
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Table 2.—Effect of Burn, Infection, and FMLP Infusion on Peritoneal PMN Count* 


Group Description 


Normal 
1 


1 
2 30% burn + sham 
3 30% burn, Pseudomonas aeruginosa + saline 


30% burn, P aeruginosa + FMLP 






*FMLP indicates formyl-methionyl-leucyl-phenylalanine; NS, not significant. 


tMean+ SEN, = 10°. 
Numbers given are group numbers. 


Neutrophils/mm* 





Day of Study 


Fig 2.—Comearison of the number of circulating neutrophils in rats 

f infused with saline (solid line) or formyl-methionyl-leucyl-phe- 
nylalanine (broken line). Infusion was begun on day 0 and continued 
for 17 days. There were no significant differences at any time during 
infusion, 


died spontaneously all had multiple organisms isolated from 
splenic tissue. 

The peripneral-blood PMN count was determined in rats 
that were in*used with saline (n = 5) or FMLP (n= 5). There 
was no difference in PMN counts on the day of infusion of 
saline (1322 — 150/mm*) or one day (2207 + 225/mm°) and four 
days (5855 +823/mm") after infusion compared with FMLP- 

+ infused rats, which had PMN counts of 1291+302/mm", 
2483 + 247/mm’, and 5247 +1283/mm‘* on the same days. On 
the fifth day of infusion prior to burn and inoculation of the 
wound, the 7MLP-infused rats appeared to have a greater 
number of PMNs in their circulation (6240 + 1371/mm*) than 

did saline-iafused rats (2857+551/mm*), but the counts 
were not statistically significantly different. Even though 
blood could be obtained from only three rats in each group 

on the first «ay after burn, a significant difference (P = .04) 

in PMN counts was found between FMLP-nfused 

(10 112+1426/mm*) and saline-infused (3979+933/mm*) 
rats. On theseeond day after burn, there was no difference 

in PMN counts between FMLP-infused (2558 + 575/mm‘*) 

and saline-irfused (2750 + 1143/mm’) rats. Since it appeared 

that FMLP-infused rats may have had an increase in 

f peripheral PMN count prior to burn, peripheral PMN 
counts were determined daily in rats that were infused with 
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Neutrophils a ih a Mae ee al 
in Lavaget NS P<,005 P<.001 
15.9+5.9 4 
4.51+1.53 4 


43.7+7.6 2 3,4 
3 it 


7.04 + 1.56 





Neutrophils, x 10°/mm° (FMLP Group) 
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Neutrophils, x 10°/mm* (Saline Group) 


Fig 3.—Comparison of number of circulating neutrophils at various 
times after infusion in rats that received saline or formy|-methiony!- 
leucyl-phenylalanine (FMLP). There was significant correlation in 
neutrophil counts in rats with (broken line) and without (solid line) 
burn. Correlations were not significantly different from each other. 


saline (n=6) or FMLP (n=6) but not burned or ineculated 
(Fig 2). There was no significant difference between groups 
at any time. 

To evaluate the possibility that the late rise in circulating 
PMN counts might be due to an inflammatory response in 
the peritoneal cavity, these rats underwent peritoneal 
lavage and autopsy on day 14 after infusion. The abdeminal 
cavity and its contents were not edematous or inflamed 
in either group, and the PMN counts in the lavage fluid 
were not statistically different in the saline-infused 
(6.35 +1.25 x 10°) and FMLP-infused (9.86 + 3.51 x 10°) rats. 
Examination of the cannula sites and hearts revealed forma- 
tion of fibrin sheaths and some fibrosis at the tips of the 
cannulae in both groups. There was no spontaneous death in 
these rats. 

The PMN count in the circulation, wound, and peritoneal 
cavity was compared in saline-infused (n=6) and FMLP- 
infused (n=6) rats that sustained 30% TBSA burn five days 
after infusion was started. Blood samples taken priar to and 
four days, five days (day of burn), and six days (2 hours 
after burn) after infusion contained 1971+ 169, 3339+ 749, 
3245 + 406, and 12 848+ 1659 PMNs per cubic millimeter in 
the saline group and 1288+ 315, 2013 +170, 2949+ 255, and 
12 029+1519/mm’ in the FMLP group at these times, 
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Saline 


FMLP Saline FMLP 


No Burn Burn 


Fig 4.—Response of circulating neutrophils to intravenous infusion 
of 5 nmole of formyl-methionyl-leucyl-phenylalanine (FMLP) in rats 
that did or did not sustaim 30% burns during continuous infusion with 
saline or FMLP. Percentage of neutrophils in circulation was deter- 
mined by dividing count three minutes after infusion by count prior 
to infusion. There were no differences between saline- and FMLP- 
infused rats that sustained sham or 30% burn. In each case burn 
injury caused significant (P<.05) increase in response to in- 
travenous infusion. 


respectively. The PMN counts were compared at each time 
and were net significantly different between groups at 
any time. White blood cell counts in the peritoneal lavage 
fluid 12 hours after burn were not different between the 
Saline-infused (23 041+4325/mm*) and FMLP-infused 
(25 681+ 7829/mm‘) rats. The cell counts in wound biopsy 
specimens taken at this time, however, were different 
(P<.05), with a greater number of cells in the FMLP- 
infused rat wounds (29.8+1.9/HPF, 65% + 4.6% PMNs) 
compared with wounds of _ saline-infused rats 
(21.4+2.8/HPF, 58.5% =5.2% PMNs). 

Since only white blood cell counts were obtained on the 
lavage fluid in the previous experiment and there was still 
the possibility that the intraperitoneal infusion of the 
chemotactic factor (FMLP) was causing a local effect, 
additional experiments were performed on normal rats and 
rats that sustained 30% TBSA burn five days after sham, 
saline-containing, or FMLP-containing osmotic pump in- 
sertion. The rats that were infused with saline and FMLP 
also had their burn wounds inoculated with 10° CFU of P 
aeruginosa. Total PMN counts were determined on lavage 
fluid taken four days after burn. There was no difference in 
the number of PMNs in the peritoneal cavities of rats 
infused with saline or FMLP prior to burn and inoculation 
(Table 2). There were, however, fewer PMNs in the perito- 
neal cavities of all rats that sustained burns compared with 
normal rats. Rats that sustained burns and inoculation 
after saline infusion had significantly fewer PMNs in their 
peritoneal cavities than did rats that sustained burn and 
sham procedures (Table 2). Although there were a few filmy 
adhesions from the omentum to the cap of the osmotic pump 
in all rats, no inflammation or edema was noted in any rat. 

Based on the above studies, there was no statistical 
difference in circulating numbers of PMNs in saline com- 
pared with FMLP-infused rats whether they were burned 
or not. However, when the mean PMN counts from all times 
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in all studies of saline and FMLP infusion were compared, it 
appeared that FMLP-infused rats had lower circulating 
PMN counts. There was a significant (P<.001) correlation 
(r=.912) between PMN counts in unburned saline- and 
FMLP-infused rats (Fig 3), which was described by the 
following formula: PMNyy, p= — 275.2 +0.874 x PMN bs i 
similar finding was noted in rats that sustained burns 
without inoculation of the wounds. In this comparison there 
was a significant (P<.001) correlation (r= .994) defined by 
the following formula: PMN,y, >= — 614.7 + 1.013 x PMN aine 
(Fig 3). There was no significant difference between the two 
correlations. No significant (P>.5) correlation (r=.57) was 
found detween PMN counts of saline-infused (n= 5) and 
FMLP-infused (n=5) rats that sustained burn and inocula- 
tion. 

Since there appeared to be fewer circulating PMNs but a 
greater number of cells in the wounds of FMLP-infused rats 
than im saline-infused rats, the response of circulating 
PMNs to IV infusion of FMLP was studied. The marginat- 
ing response of PMNs to 5 nmole of FMLP IV in control 
(n=6) and FMLP-infused (n=7) rats on the fifth day 
after initiation of infusion was 31.97%+4.72% and 
30.74% + 7.02%, respectively (Fig 4). Repeated study of 
these rats seven days after infusion started still showed no 
significant difference between groups. Control (n=5) and 
FMLP-infused (n=5) rats that sustained 30% TBSA burns 
five days after infusion began had a marginating response to 
5 nmok of IV FMLP 12 hours after burn of 8.71% + 2.89% 
and 8.05% + 4.14%, respectively (Fig 4). No difference was 
found between control and FMLP-infused rats with or 
without burns. 


COMMENT 


Continuous infusion of FMLP in quantities (1.2 nmole/h) 
substantially lower than those (5 nmole) required to cause 
PMNs to marginate in vivo significantly decreased survival 
time ir rats that had sustained 30% TBSA full-thickness 
burns moculated with P aeruginosa (Fig 1). The decrease in 
survival time in rats treated in this way appeared to be due 
to more extensive colonization of the burn wounds com- 
pared with those of saline-infused rats. That the cause of 
death was systemic sepsis was confirmed by the finding of 
multip e bacteria in the spleens of rats that died. In 
additim, the prospective autopsy study indicated that 
significantly more FMLP-infused rats had multiple orga- 
nisms m their spleens than did saline-infused rats (Table 1). 
Infusicn of the chemotactic factor did not appear to have 
signifieant toxic effects, since rats that were infused with 
FMLP appeared normal, autopsy studies showed no in- 
traper toneal inflammation or edema, and no death was 
noted. ‘This was the case even when infused rats sustained 
30% T3SA burns without inoculation of the wound. 

Although one study of rats that were infused suggested 
that tre circulating PMN numbers increased with FMLP 
infusion compared with saline infusion, additional studies 
did not confirm this finding (Fig 2). In fact, when the mean 
PMN counts from all studies were compared, FMLP- 
infused rats had statistically significantly lower counts than 
did rats infused with saline, whether they sustained burns 
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or not (Fig 3). The cause of the slight decrease in circulating 
PMN count caule not be attributed to a sequestration of 
PMN at the site ef FMLP infusion in the peritoneal cavity, 
since the PMN eounts were not different between rats 
infused with saline and those infused with FMLP (Table 2). 
Even though the counts were not significantly different in 
the peritoneal cavities, it is of interest that in two studies 
comparing salme and FMLP infusion, the PMN counts did 
appear to be higher in FMLP-infused rats than in those that 
received saline. The significance of these apparent differ- 
ences, however, is diminished by the fact that the numbers 
of PMNs in the peritoneal cavities (range, 10° to 10°) is a 
small proportion of the circulating pool of PMNs (approx- 
imately 10°). E is also worth noting that 30% TBSA burns 
significantly cecmeased the number of PMNs in the perito- 
neal cavity compared with normal rats and that a further 
decrease was nœed in rats that sustained this injury plus 
inoculation of the wound (Table 2). 

Since the kurn wounds of rats that were infused with 
FMLP contained a greater number of cells than those of 
saline-infusec rats, it is possible that the decrease in 
number of circulating PMNs was due to sequestration of 
PMNs in wounds. However, the depression in number of 
circulating PMNs was also noted in FMLP-infused rats that 
sustained no burn. These findings are consistent with the 
previous hypotnesis that chemotactic factors aetivate 
PMNs” and cause nonspecific or indiscrete margination of 
PMNs in cap llary beds.’ In the previous studies,’ in vivo 
evaluation of PMN response to FMLP showed an increased 
sensitivity of PMNs after large burns. The current study 
confirmed that PMNs in rats are more sensitive to the 
marginating stimulus of FMLP infusion after burn but did 


not detect a difference between rats infused continuously 
with saline or FMLP (Fig 4). Nevertheless, it seems likely 
that the PMNs might have some functional abnormality, 
since they accumulated in the wound yet infection was 
uncontrolled. 

The studies presented herein clearly indicate that infu- 
sion of a mediator of inflammation," the chemotactic factor 
FMLP, increases susceptibility of burn wounds to infection. 
The mechanism, although not clearly defined, is likely to be 
via effects on the PMN. McCall et al” showed that perturba- 
tions in PMN functions that occur in PMNs obtained from 
patients with acute bacterial infections are all mimicked in 
vitro by exposure of normal PMNs to FMLP. These changes 
in PMN function may be due to nonspecific or specific 
deactivation,“ which has been shown to occur in vivo after 
tissue injury“ and sepsis.” Exposure of PMNs to 
chemotactic factor also has been shown to lead to enhance- 
ment of PMN function.” In addition, FMLP binding to 
PMN receptors appears to modulate receptor affinity for 
FMLP.” Furthermore, complement receptor expression 
has been shown to be enhanced by exposure of PMNs to 
FMLP? and C5a.” Since FMLP also may interact with 
receptors on other cells such as the macrophage,™ it is 
possible that the depression in host resistance during 
infusion of FMLP may in part be due to non—-PMN-related 
effects. Although the exact mechanism remains to be 
defined, the hypothesis that chemotactic factors, generated 
by various mechanisms, such as tissue injury and sepsis, 
contribute to increased susceptibility to infection on a 
systemic basis appears to be well founded. 


This study was supported in part by grant 2P50 GM 26145 from the 
National Institutes of Health, Bethesda, Md. 
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Discussion 


_ Ronatp Maier, MD, Seattle: As Dr Yurt mentioned briefly, 


: _ What originally was thought to be simply a phagocytic function for 
__ the PMN, enabling the host to reject and kill bacteria, has now 
-~ been extended. There is strong evidence that inappropriate or 


systemic activation of the PMN appears to be associated with a 
bystander or cytotoxicity and may well contribute to multiple- 
organ failure. Now Dr Yurt and others are demonstrating that 
subsequent to or simultaneous with this systemic activation of the 


~ PMN there appears te be production of a deactivation of the PMN. 


This deactivation of the PMN makes the host more susceptible to 
infection. 

Dr Yurt’s article has discussed a more molecular level, possibly 
the specific defect in the PMN response. What the authors have 


= shown is that using a low-dose infusion of chemotaxin they were 


able to dissociate two previously associated or linked events. That 
is, they were able to induce susceptibility to infection without 
changing a prior massive margination of the PMNs. Previous 
studies have shown that massive activation of the PMNs appears to 


s _ be required before the defect and susceptibility to infection are 


induced. The defect is caused without margination and even with 
an intact chemotactic response preserved. 
Do the authors have any evidence that these PMNs are deacti- 


_ vated? The PMNs have a normal chemotactic response and, 


therefore, function normally. The authors have demonstrated an 


_ increased number of PMNs in the burn wound, yet there are more 


bacteria with an increased incidence of sepsis and death. The 
implication by associatior. is definitely that the PMNs are deacti- 
vated or incapable of killing, but do the authors have any direct 
evidence of a depressed bactericidal capacity? 

The authors suggest that the animals die of sepsis due to a 
decreased surveillance nct only locally by the marginated PMNs 
but also systemically by the circulating PMNs. There is an 


_ increased number of bacteria in the spleen, and it appears that the 


animals die of sepsis. In addition, most septic states induce 
multiple-orgen failure, which is thought to be caused largely by 
marginated, activated PMNs. Although the authors do not show 
massive margination of PMNs, there is a decrease in the circulating 
pool, implying that there may be an ongoing low-grade margina- 
tion. 

Other authors have recently suggested that the activated PMN 
alone is not sufficient to cause multiple-organ failure, but it may 
“prime” the organ (eg, the lung or the gut) to subsequent toxic 
insults, and a combination of these two events leads to multiple- 
organ failure and death. 

If the authars did an autopsy series, did they see any evidence of 
PMN margination in the autopsy result? Was there any evidence of 
PMNs in the microcirculation of the gut or the lung? It has been 


postu ated that leaks or translocation of bacteria through the gut 
mucosa may be the source of the many different types of bacteria 
that were found in the spleens of animals in the present study. Did 
the avthors find any evidence of this? 

ANTHONY MEYER, MD, Chapel Hill, NC: First, in determining 
the number of PMNs in the burn wound, did you use myeloperox- 
idase as a tissue marker and quantitate that after extracting it 
from the tissue? 

Second, did you consider looking at a remote-site infection to see 
if the >MNs arrive there at the same rate in the FMLP-burned and 
non—F MLP-burned animals and control animals? Some of the work 
we dic showed that the PMNs will migrate but at a slower rate. In 
that system, we were unable to document any increased suscepti- 
bility o infection even though there was a decrease, in response of 
PMN¢ as evaluated by chemotaxis. 

Cora K. OGLE, MD, Cincinnati: Have the authors addressed the 
question of superoxide release from the PMNs? Since FMLP does 
cause superoxide release, have you looked for any tissue injury 
resultmg from in vitro infusion of FMLP? 

Dr Yurt: With regard to Dr Maier’s question concerning the 
evidence of deactivation, I think that can be taken in two ways. We 
really did not look at deactivation, although I believe that this may 
have something to do with what we are seeing. I usually think in 
terms 3f specific deactivation, so we have to consider both FMLP 
and some of the wound mediators, such as Cda. I think that in these 
low doses we might not see it. We certainly did not see it when we 
lookedat the in vivo infusion of FMLP to study function. We did not 
test fo~ other chemotactic factors, such as Cha. 

The question regarding multiple-organ failure is interesting and 
one thet we have thought of. We have not looked at the tissues in the 
autopsy series other than the skin. I will mention, however, that we 
did do a series of biopsies in rats that were not infected and not 
burnec to see if the FMLP infusion alone caused some margination 
in the skin, and we saw no changes in that. 

In amswer to Dr Meyer's questions about myeloperoxidase in the 
tissue, we did not look for that. The only thing we did was a 
morph logic microscopic analysis of the number of cells, but we did 
not look at the content of any enzymes. We did not look at remote- 
site in“ections; however, that was one of our concerns. Some of 
these ~ats did have cannulae inserted, as I mentioned, and at 
autopsy we looked very closely at the hearts grossly to make sure 
that there was no bacterial endocarditis or inflammation. We saw 
neither It is very difficult to cause endocarditis in rats. 

Dr Ogle’s question regarding the superoxide release is an 
interesting one. We did not study superoxide release. We did not 
see gross tisuse injury in the tissue sections that we examined. 


In Other AMA Journals 


AJDC 


Can (Should) the Pediatrician Wage Preventive Medicine War Against Coronary Heart Dis- 
ease? 
Dan G. MeNamara, MD (AJDC 1986;40:985-986) 
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Long Tubes vs 
Nasogastric Tubes 

in the Treatment 

of Intestinal Obstruction 


To the Editor.—The article by Wolfson 
and associates’ in the ARCHIVES 
presents a faverably biased opinion 
regarding the efficacy of long-tube 
decompression in the treatment of ad- 
hesive intestinal obstruction. Unfor- 
tunately, some of their conclusions are 
not consistently supported by data in 
the article. 

The authors appropriately make the 
distinction between partial and com- 
plete intestinal obstruction but subse- 
quently fail to acknowledge the fact 
that nearly two thirds of the patients 
with complete obstruction did not re- 
spond to tube decompression and re- 
quired operation. The authors also 
state that passage of a long tube be- 
yond the pylorus was of “significant 
predictive value with respect to the 
success of nonoperative therapy.” This 
statement does not hold up for the 33 
patients with camplete obstruction. A 
x’ analysis using the data in Table 3 
shows no significant difference in the 
number of patients with complete ob- 
struction who required operation re- 
gardless of whether the long tube 
passed beyond the pylorus. The same 
is true for the patients with partial 
obstruction if 15 patients in whom 
passage of the tube beyond the pylorus 
was “unknown” are included in the 
statistical analysis. The statement in 
the abstract, “Clinical findings were 
relatively reliable as diagnostic indica- 
tors of strangulation,” is refuted in 
Table 5 as well as on page 1004 in the 
text. I also question the authors’ con- 
clusion that the deaths of the two pa- 
tients in their series were not in any 
way related to delayed operative inter- 
vention. Both ef these patients suf- 
fered iatrogenic small-bowel perfora- 
tions during the course of their 
operations that resulted in fatal 
peritonitis. Iatrogenic injury of the 
bowel can usually be avoided in opera- 
tions performed before the bowel be- 
comes tremendously dilated and 
edematous. Of greater concern is the 
fact that two patients with strangula- 
tion obstruction were allowed to 
languish in the hospital for several 
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days and develop perforation of stran- 
gulated bowel. Strangulation with per- 
foration carries a considerably higher 
morbidity and mortality than nonper- 
forated strangulation. 

The bulk of evidence in the surgical 
literature, including data presented by 
the authors, suggests that there are 
considerable risks invalved with ex- 
pectant treatment of patients with 
complete small-bowel obstruction. 
Since there are no reliable criteria for 
distinguishing simple frem strangu- 
lated obstruction, the primary objec- 
tive should be to minimize the likeli- 
hood for development of strangulation 
by early operative intervention. 

I recently reviewed a series of 167 
consecutive patients with intestinal 
obstruction at Middlesex General- 
University Hospital, New Brunswick, 
NJ.’ In this review, patients whose 
operations were delayed more than 24 
hours following admission had a signif- 
icantly greater number of postopera- 
tive complications. Long tubes (com- 
pared with nasogastric tubes) were 
associated with a significantly greater 
tendency to delay necessary operative 
intervention, significantly prolonged 
postoperative ileus, and significantly 
longer duration of hospitalization, 
both in patients who required opera- 
tion and in those who were success- 
fully treated by tube decompression. 
Passage of the long tube beyond the 
pylorus did not obviate the need for 
operative intervention. It was con- 
cluded that long tubes offer no inher- 
ent advantage over nasogastric tubes 
in the treatment of mechanical intesti- 
nal obstruction. 

There are no data in the literature 
that demonstrate greater effective- 
ness of long tubes compared with naso- 
gastric tubes in the treatment of me- 
chanical intestinal obstruetion. On the 
other hand, it appears that the great 
majority of patients with partial bowel 
obstruction will respond to tube de- 
compression and will not require oper- 
ative intervention. Only 12% of 91 pa- 
tients with partial obstruction at 
Middlesex General-University Hospi- 
tal ultimately required operation.® 
There was no strangulation in patients 
with partial obstruction. Hence, it 
seems particularly important to dis- 


tinguish partial from complete ob- 
struction at the time of hospital admis- 
sion and to embark on a trial of tube 
decompression only in patients with 
partial obstruction whose obstruction 
is likely to resolve without operative 
intervention. 

RoBErT E. BROLIN, MD 

New Brunswick, NJ 


1. Wolfson PJ, Bauer JJ, Gelernt IM, et al: Use 
of the long tube in the management of patients 
with small-intestinal obstruction due to adhe- 
sions. Arch Surg 1985;120:1001-1006. 

2. Brolin RE: The role of gastrointestinal tube 
decompression in the treatment of mechanical 
intestinal obstruction. Am Surg 1983;49:131-137. 

3. Brolin RE: Partial small bowel obstruction. 
Surgery 1984;95:145-149. 


Aneurysms of the 
Abdominal Aorta 


To the Editor.—Johnson et al deter- 
mined the percentages of race and sex 
distribution found ina series of abdom- 
inal aortic aneurysms (AAA) detected 
among a group of patients who had 
autopsies or computed tomographic 
(CT) scans at a North Carolina hospi- 
tal. They reported the “incidence” by 
race of AAA by projecting this distri- 
bution to the state population. We ob- 
ject to the use of the term incidence, 
which is generally defined as the num- 
ber of new cases that occur in a popula- 
tion over a specified time period. The 
authors were attempting to determine 
prevalence. 

We are concerned about selection 
bias and the representativeness of the 
study group with respect to the gen- 
eral population of people with AAA. 
People who undergo autopsy or CT 
Scan are not representative of all 
blacks and whites in North Carolina 
unless systematic postmortem ex- 
aminations or CT scans are performed 
in this population.” Many factors other 
than a true association in the popula- 
tion could have yielded a statistical 
association between race and AAA 
prevalence in the study group. 

Excluding known cases of AAA 
among the autopsied/CT group did not 
eliminate referral bias but may have 
added another level of selection bias. 
Diagnosed cases are just one end of the} 
continuum of patients with AAA. The © 
condition may be clinically diagnosed 
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more eften in one racial group than 
another due to factors unrelated to the 
initial development of an aneurysm, 
leading to a distortion of the racial 
proportions of the autopsied/CT group 
compared with the general population 
of patients with AAA. 

In Table 2, there were 24 tests of 
signifieance. Performing multiple 
tests without adjusting the signifi- 
cance level increases the probability of 
a type I error (rejecting the hypoth- 
esis of no difference when no true 
difference exists). The problem of mul- 
tiple testing should at least be ac- 
knowledged and discussed. 

BaRBARA TILLEY, PHD 
CHRISTINE COLE JOHNSON, PHD 
MICHAEL A. SANDLER, MD 
Detroit 


1. Johnson G Jr, Avery A, McDougal EG, et al: 
Aneurysms of the abdominal aorta: Incidence in 
blacks ane whites im North Carolina. Arch Surg 
1985;120:1238-1140. 

2. Mairiand D: Risk of fallacious conclusions 
from autepsy data on incidence of disease with 
applications to heart disease. Am Heart J 1953; 
45:644-654. 


In Reply.—I\ am indebted to Tilley and 
colleagues. 

I was unaware of the difference be- 
tween incidence and prevalence. The 
former means “rate of occurrence 
... ”; the latter means “the percentage 
of a population that is affected... . ” 
Perhaps prevalence is a better word 
from an epidemiologic standpoint. 

Tilley and celleagues make many 
criticisms abeut the manner in which 
the datawere obtained. I had not read 
the article that appeared more than 30 
years ago in the American Heart Jour- 
nal. The relative number of blacks vs 
whites was essentially the same in the 
autopsy series, the CT scans that were 
reviewed, the hospital population, and 
the population ef North Carolina. It 
was recognized that a type I error was 
possible. and this should have been 
addressed. 

I presented this report as provoca- 
tive information. I believe I accom- 
plished this purpose. I sincerely hope 
that Tilley and eolleagues will under- 
take a significant study to reconfirm or 
refute the belief that many clinicians 
have that abdominal aortic aneurysm 
occurs less frequently in blacks than in 
whites. 

GEORGE JOHNSON, JR, MD 
Chapel Hill, NC 


1. Webster's Ninth New Collegiate Dictionary. 
Springfield. Mass, Merriam-Webster Inc, 1986, 
pp 609, 932-938. 
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Leiomycsarcoma of the 
Popliteai Vein 


To the Editor.—The second occurrence 
of leiomyosarcoma of the popliteal 
vein has been documented in a 
67-year-ald man who presented with 
pain, edema, and induration in the left 
ealf. The results of phleborheography 
were normal, but on the basis of an 
abnormal phlebogram and an initially 
normal computed tomographic scan of 
the legs, the patient was given anti- 
coagulants. Over a one-month period, 
local symptoms in the calf failed to 
resolve. On reassessment of the initial 
roentgenegrams, a soft-tissue neo- 
plasm was found and confirmed by 
angiography and biopsy. As there 
was no evident metastatic disease, the 
patient underwent above-knee am- 
putation followed by adjuvant che- 
motherapy with doxorubicin and cy- 
clophosphamide. He also underwent 
rehabilitation with an above-knee 
prosthesis. Two years later, there was 
no evidence of recurrence. 

As noted by Nesbit and Rob,’ pe- 
ripheral leiomyosarcomas are rare, 
with poorly understood tumor biology. 
As in the present case, these tumors 
can mimic the more common diagnos- 
tic entity, venous thrombosis. Results 
of phleborheography were false-nega- 
tive, with failure to sense vein obliter- 
ation due to tumor. A delay in diag- 


Fig 1.—Upper calf showing erosion of tibia 
(large arrow) and soft-tissue calcification 
(small arrow). 











Fig 2.—Upper calves showing asymmetry, 
obliteration of fascial planes, and erosion of 
tibia. 


nosis occurred because of reliance on 
non-filling of deep veins in the inter- 
pretation of the phlebogram rather 
than on demonstration of intraluminal 
clot. Faint venous lake formation and 
tumor calcification (Fig 1) were also 
overlooked in this study. The com- 
puted tomographic scan showed subtle 
tibial bony erosion, fascial plane oblit- 
eration, and soft-tissue asymmetry, 
but these features were also initially 
overlooked (Fig 2). The lesson of this 
case is that persistent symptoms in an 
extremity treated for deep venous 
thrombosis should provoke further eval- 
uation for the differential diagnoses of 
ongoing thrombosis, myoedemz, hem- 
orrhage, and soft-tissue neoplasm. 
JEFFREY L. KAUFMAN, MD 
New Brunswick, NJ 


1. Kevorkian J, Cento BS: Leiomyosarcoma of 
large arteries and veins. Surgery 1973;73:390- 
400. 

2. Nesbit RR, Rob C: Leiomyosarcoma of a 
vein: Survival for six years. Arch Surg 1975;110: 
118-119. 


Early Local Complications From 
Intestinal Stomas 


To the Editor.—An article by Pearl 
and colleagues: entitled “Early Lo- 
cal Complications From Intestinal 
Stomas” appeared in the October 1985 
issue of the ARCHIVES. I am a gyne- 
cologic oncologist, and I submit to you 
that the conclusions drawn from Table 
4 are misleading. The authors stated 
that gynecologic oncologists had the 
highest stoma complication rate and 
implied that this is related to amount of 
experience in gastrointestinal sur- 
gery. The authors failed to mention 
what percentage of the gynecologic 
oncology patients had had previous 
pelvic radiotherapy as compared with 
those in other groups. It is my belief 
that previous radiotherapy of the 
bowel and skin involved in stoma for- 
mation increases anyone’s complica- 
tion rate. I also think the authors 
underestimated the amount of training 
gynecologic oncologists get in gastro- 


Correspondence and Brief Communications 119 





i à -~ ated patients). 


i Le oa eae FT NI Ba re ree G ay” a 
mais- S r- wy E 5 f 4 yi : i JA- ree A v v i 
at Ae Ss: M : i Se / AAT a! 
s p | 7 r. pe- 4 r J "i 
aS pe £ a 4 


intestinal surgery (especially in irradi- 


WILLIAM S. ROBERTS, MD 
Tampa, Fla 


1. Pearl RK, Prasad ML, Orsay CP, et al: 
Early local complicaticns from intestinal stomas. 
Arch Surg 198&120:1145-1147. 


To the Editor.—One of the main con- 
clusions in the article by Pearl and 
colleagues was that “The morbidity of 
stoma formation seems to be related to 
the amount of formal training in gas- 
trointestinal tract surgery.” I believe 
that this statement was unsupported 
because the authors did not specify 
which member of the operating team 
performed the stoma or the amount of 
“formal training” that surgeon previ- 
ously had received. The authors com- 
pared groups of surgical specialties 
but failed to support their conclusions 
by documenting either the years of 
formal training for each group or the 
number of actual gastrointestinal pro- 
cedures performed by each specialist 
during the training years. 

One of the authors’ reasons for the 
above conclusions was the higher com- 
plication rate, 36.9%, observed in the 
gynecologic oneclogy surgical spe- 
cialty. The authors assumed but did 
not show that this surgical group had 
less formal training in gastrointestinal 
tract surgery. Furthermore, review of 
Table 5 shows that 12 of the 17 stoma 
complications incurred by this group 
involved urinary conduit procedures. 
These procedures were not even per- 
formed by the colorectal surgeons, and 
the 50% complication rate in conduit 
procedures was identical to the compli- 
cation rate experienced by the general 
surgeons who performed similar con- 
duits. As the authors accurately 
pointed out, gynecologic oncology sur- 
geons often operate on patients who 
have previously received radiation, 
which may account for the high compli- 
cation rate. Since the conduit compli- 
cation rate in the urology group was 
substantially lewer, the authors’ in- 
vestigation of this difference would 
have been interesting. In addition, the 
authors cid net specifically list the 
types of comp ieations that resulted 
from conduit construction. Including 
complications such as separation of 
ureterobowel anastomosis would natu- 
rally make the complication rate for 
this type of procedure higher than that 
for other stoma operations. 

Of note, also, is the fact that the 
complication rate for end-sigmoid co- 
lostomy was 18% in the gynecologic 


120 Arch Surg—Vol 122, Jan 1987 





oncology group compared with 24% in 
the general surgery group end 13% for 
the colorectal surgeons. These num- 
bers also help to indicate that the type 
of stoma and the type of patient may 
influence the complication rate more 
than the “formal training” of each sur- 
gical group. 

JEFFREY G. BELL, MD 

Columbus, Ohio 


In Reply.—I agree with the conten- 
tion that preoperative radiation to the 
skin and bowel increases the morbidity 
for construction of intestinal stomas. 
In fairness to Dr Roberts, <lmost all of 
the patients in the gynecologic on- 
cology group had receivec preopera- 
tive radiation therapy. However, of the 
17 patients in this group in whom 
stomal complications developed, 11 
(65%) had necrosis of th2ir stomas. 
Surely, the disproportionaze incidence 
of this serious complication cannot be 
attributed to the effects of radiation 
therapy alone. It was not my intention 
in presenting these data to point an 
accusing finger at any part.cular group 
of specialists. Rather, I heped to help 
make us all aware of how important 
attention to detail is in the construc- 
tion of intestinal stomas, s nce many of 
these complications are preventable. 
RUSSELL K. PEARL, MD 
Chicago 


Abdominal Midline Incision Closure 


To the Editor.— Having hac an interest 
in midline incisions of the abdomen for 
many years, I read with some alarm 
the article in the Decemb2r 1985 issue 
of the ARCHIVES entitled “Abdominal 
Midline Incision Closure.” 

It was my impression that it has 
been known for many years that these 
simple interrupted sutur2s in closure 
of midline incisions lenc themselves 
to an unacceptably high risk of postop- 
erative ventral hernias. For this rea- 
son, it was recommendec many years 
ago that interrupted fizure-of-eight 
mattress sutures be used as a means of 
closure. In my experience, this has 
eliminated the complication of postop- 
erative ventral hernias. 

While the use of a continuous suture 
may be the closure methcd of choice in 
critically ill patients requiring the 
shortest possible operating time, 
these patients most cerzainly have a 
higher incidence of »Dostoperative 
wound separation or hernia. 

In clean wounds, I cannot see any 
advantage of the use of a synthetic 
absorbable suture over t iat of a mono- 


filament polypropylene suture mate- 
rial. 

This article, in my opinion, does not 
do justice to the advantages of midline 
abdominal incisions and is misleading. 

Davip B. Gray, MD 
Charleston, WVa 


1. Fagniez P-L, Hay JM, Lacaine F, et al: 
Abdominal midline incision closure: A multi- 
centric randomized prospective trial of 3135 pa- 
tients, comparing continuous vs interrupted 
polyglycolic acid sutures. Arch Surg 1985;120: 
1351-1353. 


In Reply.—Many surgeons state that 
postoperative ventral hernia is a rar- 
ity. Ellis et al’ believe that this is 
because patients are not examined 
carefully and are not followed up suffi- 
ciently. They add that the ideal method 
of midline incision closure has not been 
discovered yet and emphasize the ne- 
cessity of prospective controlled stud- 
les to answer this question. 

Our article, which Dr Gray “read 
with some alarm,” reports such a ran- 
domized trial, comparing two widely 
used techniques of abdominal wall clo- 
sure. Obviously, its results cannot be 
useful for surgeons who use both tech- 
niques and material with no complica- 
tions. 

As far as we are concerned, scien- 
tific conclusions seem better than “im- 
pression” or “certainty.” I would like to 
thank Dr Gray for giving us the oppor- 
tunity to recall this option. 

P.-L. FAGNIEZ, MD 
Bois-Colombes, France 


1. Ellis H, Bucknall TE, Cox PJ: Abdominal 
incisions and their closure. Curr Probl Surg 
1985;22:1-50. 


Length of Hospital Stay for 
Routine Surgery 


To the Editor.—Over the past few 
years, there has been an extraordinary 
emphasis by governmental agencies 
and insurance companies on reducing 
length of hospital stay as a means of 
controlling health care costs. As a re- 
sult, physicians are altering their 
practices dramatically to try to re- 
spond to this concern. In the June 
issue of the ARCHIVES, Luna et al 
compared the length of stay following 
routine biliary surgery at two differ- 
ent community hospitals and found a 
statistically significant difference of 
2.6 days. It is interesting that they 
correlated the difference with in- 


7 


creased use of nasogastric tubes and% 


abdominal drains at the hospital with 
the longer length of stay. They did not 
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Typical Cests of an Uncomplicated 
Cholecystectomy (in Dollars) 





Length of 
Hospitalization 
—— 








Surgical Precedure 3 Days 5 Days 


$170 per cay 510 850 
250 250 
150 150 





Laboratory 
Pathology 90 90 


Roentgenog=aphy 
Nucigar madicine 400 400 
100 


Miscellaneous 100 


Surgeon's 
professional fee 1000 1000 
400 


Anesthesiolcgist's 
professional fee 400 


Total 4550 4890 


actually do a cost analysis to deter- 
mine what che cost differences be- 
tween the two hospitals were, but they 
implied that they would be enormous. 
To support this, they estimated that 
the 200 patients at “hospital B” had 517 
extra days ef hospitalization and, at 
$250 per day, this amounted to an extra 
expenditure of $127 000. 

I suggest that if Luna et al had really 
done a full cost analysis, the difference 
between the two hospitals might not 
appear nearly as striking as they antic- 
ipate. Although they did not give other 
cost figures, they did mention that the 
total cost for each patient undergoing 
biliary surgery may be as high as 
$10 000. If tais were true, the differ- 
ence in total cost between the two 
hospitals woald only be 6.3%. Even if 
the total eco.t for each patient were 
only $8000, the percent difference 
would be no 2reater than 12.7%. 

At my institution, we have been 
very pleasec that over the past few 
years we have been able to reduce the 
length of stay for many patients under- 
going a routme cholecystectomy from 
five to three days. We naively assumed 
that sinee we had cut the length of stay 
almost in ralf we probably had 
achieved a proportionate reduction in 
the total cess of the procedure. How- 
ever, when we actually looked at the 
cost incurrec, we found that the typ- 


f ical savings were similar to those 


shown in the Table. Elimination of two 
days’ hospitaiization did not affect the 
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other components of the charge and 
actually reduced the total bill by only 
6.9%. 

What isthe true significance of this 


saving? Certainly any savings are 


worthwhile, and $340 is $340. Further- 
more, even small savings, when ap- 
plied over large numbers of patients, 
can add up to large amounts. However, 
to put these savings in some perspec- 
tive, we might compare the situation 
to someone purchasing a new automo- 
bile. If the total cost of the car is $5000, 
the extra two days’ hospitalization is 
analogousto the decision of whether or 
not to add dual side mirrors or two- 
tone paint. It is somewhat of an indi- 
vidual decision. Many buyers are anx- 
ious to keep the total cost as low as 
possible even if they must forgo a few 
extra luxuries. Many other buyers de- 
cide that if they are going to spend 
$5000 for a new car, they may as well 
spend an extra $340 and get the added 
safety and convenience of dual side 
mirrors. 
DONALD R. LANNIN, MD 
Greenville, NC 
1. Luna GK, Heimbach DM, Olson H, et al: 
Hospital stay following biliary tract surgery: A 


comparison of two community hospitals. Arch 
Surg 1986;121:693-696. 


A Simple Intraoperative 
Assessment of Saphenous Vein 
Arterial Grafts 


To the Editor.—I should like to make a 
few comments on the article by Ban- 
dyk and colleagues’ in the March issue 
of the ArcHIVES. While I have no 
quarrel with the elegant intraopera- 
tive studies done by Bandyk and asso- 
ciates, I feel that pulsed Doppler spec- 
tral analysis may not be available to 
the average community hospital sur- 
geon, and I feel it is redundant if 
proper attention is given to the tech- 
niques of this procedure. We perform 
our operation with a modified Hall 
valvulotome and have recognized no 
residual or retained valves during sur- 
gery or in the early postoperative pe- 
riod in 61 consecutive cases. Our pa- 
tients are followed up at three-month 
intervals, and we did recognize a hy- 
pertrophied valve causing hemody- 
namic disturbances at the one-year 
mark in one patient. Indeed, this hy- 
pertrophied valve was detected with a 
simple bidirectional Doppler trans- 
ducer and was explored and excised, 
and the graft was salvaged. 

Our technique is a semiclosed one in 
which 90% of the saphenous vein is not 
exposed at all during the procedure. A 
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standard proximal anastomosis is car- 
ried out end to side between a 
saphenofemoral complex and the com- 
mon femoral artery, after the first set 
of bicuspid valves is excised under 
direct vision. The distal saphenous 
vein is exposed at the ankle and 
catheterized with the LeMaitre 
valvulotomes, and all valves are ren- 
dered incompetent within one minute. 
Following this, the distal anastomosis 
is constructed and then a simple Dop- 
pler device is used to evaluate the vein 
for retained valves and/or fistulas. 
Fistulas are ligated through 1-cm 
transverse incisions and a completion 
angiogram is then obtained. Small 
fistulas are left intact and have not 
been the cause of any long-term distur- 
bances in flow. Early in our experience 
with this Doppler technique, comple- 
tion angiography did disclose signifi- 
cant fistulas; therefore, we continued 
to advocate the use of a completion 
arteriogram, although we have not 
missed a fistula with the Doppler tech- 
nique in the past 40 cases. The sterile 
Doppler transducer is placed over the 
proximal saphenous vein graft while 
the distal graft is temporarily 
clamped. The thumb is used to com- 
press the saphenous vein graft just 
distal to the transducer, stopping all 
flow. The compressing finger is moved 
distally, and the moment signals are 
heard from the Doppler transducer, 
one knows there is a fistula. This tech- 
nique is carried out at the full end of 
the graft and all fistulas are clipped. 
Following this, the transducer is 
moved down the full length of the vein 
graft and the trained surgeon’s ear 
becomes a very adequate spectral 
analyzer. Moderately high-pitched 
sounds are not the cause of any con- 
cern. High-pitched sounds may indi- 
cate unexcised valves or fistulas, 
which are handled appropriately. We 
have not yet treated a persistent valve 
using Hall’s technique. 

Of course, if one has the benefit of a 
pulsed Doppler spectral analyzer, it 
may be worth using to generate hard 
copy for research purposes. But my 
experience suggests that it adds noth- 
ing to a carefully performed Doppler 
survey using simple instrumentation 
in the hands of an experienced sur- 
geon. 

GEORGE D. LE MAITRE, MD 
Andover, Mass 


1. Bandyk DF, Jorgensen RA, Towne JB: In- 
traoperative assessment of in situ saphenous vein 
arterial grafts using pulsed Doppler spectral 
analysis. Arch Surg 1986;121:292-299. 
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Silvergwl’s Surgery: The Stomach, by John 
Landor, 319 pp, withillus, Austin, Tex, Silvergirl 
Inc, 1985. 

This book, in essence, is a history of 
gastric surgery. The author presents 
selected articles from the literature to 
trace the development of surgery of 
the stomach beginning with experi- 
mental partial gastrectomy in the ani- 
mal by Merrem -n 1810 and concluding 
with the description of the Zollinger- 
Ellison syndrome in 1955. The se- 
quence ef articles is excellent, and the 
choice af historical authors is most 
appropriate. The dominance of Ger- 
man and other European surgeons is 
clear in the first half of the volume. The 
English zranslat-ons are excellent. Oc- 
casionally, an article is too lengthy, but 
most are brief. Many of the articles are 
understandably concerned with tech- 
niques. The everall effect is of a co- 
hesive presentation that reads exceed- 
ingly well. The general surgeon in 
practice will fine the volume interest- 
ing, informative. and entertaining. 

E. R. Woopwarpb, MD 
Gainesville, Fla 


Pathogenesis and Therapy of Lung Cancer, 
edited by Curtis C. Harris, vol 10, 762 pp, with 
illus, $85.80, New York, Marcel Dekker Inc, 
1978. 

Acute Respiratory Failure, edited by Warren 
M. Zapol and Konrad J. Falke, vol 24, 641 pp, with 
illus, New York, Marsel Dekker Inc, 1985. 


If you thought Diderot was the last 
of the encyclopedists, then you have 
not come across Claude Lenfant’s se- 
ries, Lung Biology in Health and Dis- 
ease, of which these books are exam- 
ples. Starting 12 years ago with the 
weight of his own expertise, as well as 
his experience ac the National Insti- 
tutes of Health behind him, Lenfant 
began targeting specific subjects per- 
taining tc the lungs, heart, chest wall, 
and ventilation for in-depth basic sci- 
ence study. So far, there have been 30 
such volumes, eaeh on a separate sub- 


ject, each edited oy an internationally 
f 


known basic scientist, and each with 
authors expert im their field. Books 
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like these begin to acquire a life, style, 
and quality of their own and, in this 
case, quality begets quality. With an 
intellectual track record of excellence 
over the years, no invited author or 
editor would dare to dust off a few old 
manuscripts and, with the aid of the 
word processor, rearrange an old text. 
These are scholarly, heavily anno- 
tated reviews of sharply focused topics 
ranging from electron microscopy, 
pharmacology, and biochemistry to 
ventilatory dynamics, cell biology, on- 
cology, and pathology. Few clinicians, 
other than the odd anesthesiologist or 
pulmonologist, are authors, much less 
editors. Clinical medicine is not the 
intent. For example, in Pathogenesis 
and Therapy of Lung Cancer, only four 
of the 762 pages refer to surgical treat- 
ment of bronchogenic carcinoma. Ob- 
viously, neither this volume nor its 
companion pieces are sources to find 
out where to cut and tie. 

What value, therefore, is this series 
to a surgeon? Any surgeon who wishes 
to find an authoritative reference with 
a voluminous but well-chosen bibliog- 
raphy on the basic science aspects of 
essentially anything between the an- 
gle of Louis and the undersurface of 
the diaphragm will find this series a 
marvelous place to start and, unless 
the surgeon is unique in his or her 
interests, to finish. 

These are not books one will want to 
buy en masse, but they would be help- 
ful for inquisitive thoracic and car- 
diovascular surgeons, as well as their 
anesthesiology and pulmonary col- 
leagues, to have at hand when ques- 
tions of a basic science nature arise. 

BEN EISEMAN, MD 
Denver 


Surgical Decision Making, ed 2, edited by 
Lawrence W. Norton and Ben Eiseman, 333 pp, 
with illus, $49.95, Philadelphia, WB Saunders 
Co, 1986. 


The second edition of Surgical Deci- 
sion Making is in reality more of a new 
text than ene expects in the usual 
second edition. Many of the authors 


are new but have effectively learned to 
“play the game” of developing 
algorithms and decision trees in their 
contributions. 

The text is generally well done and 
presents an approach to surgical dis- 
ease that is widely applied by those 
providing surgical care. The unique 
quality of the text is the written de- 
scription of the surgeons’ thought 
processes. For the young surgeon or 
the experienced surgeon looking for 
information about a disease with which 
he is not familiar, the text provides a 
succinct reference source. . 

As with all texts, intense scrutiny 
will disclose deficiencies. An example 
is the failure to identify tension pneu- 
mothorax in the section on shock while 
including cardiac tamponade, which is 
probably less common. Reference to 
intraoperative coagulation disorders 
would be a good addition to the seetion 
on bleeding diathesis. Emergency 
room afficionados will look for the 
missing limb on the decision-making 
tree of eye injuries relative to actinic 
eye injuries as well as the absent silver 
nitrate cautery in the management of 
epistaxis. The description of laryngeal 
cancer would be strengthened by an 
outline of cancer staging such as the 
authors present in other sections on 
malignant disease. 

Suggesting that resection of hepatic 
cancer in cirrhosis is inappropriate is 
disputed by a number of authorities, 
and few would agree that an impacted 
gallstone in the ampulla of Vater in 
acute pancreatitis should not be re- 
moved. There are few who believe that 
caudal pancreaticojejunostomy has a 
role in dealing with ampullary obstruc- 
tion, and the bloom is decidedly off the 
rose for total pancreatectomy im can- 
cer of the pancreas. Similarly, in diver- 
ticulitis, the three-stage operative 
approach has been largely abandoned 
for one- or two-stage procedures. Cer- 
tainly the Nigro regimen for squamous 
cancer of the anus is so widely ac- 
cepted that it should be included, and 
few people would agree that bloody 
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nipple discharge should be treated ex- 
pectantly m the absence of positive 


cytologic findings. 

I am confident that a different re- 
viewer might find other points of 
disagreement or inadequacy or per- 
haps have alternative opinions about 
the issues with which I have taken 
exception. 

The weaknesses do not greatly 
detract from what is generally a well- 
done volume that uses a novel ap- 
proach to present the common prob- 
lems dealt with by surgeons. 

LARRY C. CAREY, MD 
Columbus, Ohio 


Surgical Infection in Critical Care Medi- 
cine, edited by J. L. Meakins, 342 pp, $30, New 
York, Churchill Livingstone Inc, 1986. 


By whatever names they are known, 
the new breed of Intensivists exist at a 
turbulent interface, threatened as 


Calencar of Events 


1987 


January 


American Academy of Orthopaedic Surgeons, 
Jan 22-27, Mosconi HallCivic Auditorium, San 
Francisco. Contact Cindy Bobbitt Tomas, 222 S 
Prospect Ave, Park Ridge, IL 60068. 


February 


The Society of University Surgeons, Feb 12-14, 
The New Orleans Hilton Riverside & Towers, 
Columbus, Ohio. Chairman: Dr Ronald Fer- 
guson, Obio State University Hospitals, Depart- 
ment of Surgery, Means Hall, Room 258, Colum- 
bus, OH 43210. 


March 


Southeastern Surgical Congress, March 16-18, 
Original Cowntown Marriott Hotel, Atlanta. Con- 
tact Roger Sherman, MD. Secretary-Director, The 
Southeassern Surgical Congress, 69 Butler St 
SE, #314 Atlanta, GA 30303. 


The 15th Annual Symposium of the Society for 
Clinical Vascular Surgery, March 25-29, Hyatt 
Regency at Gainey Ranch, Scottsdale, Ariz. Con- 
tact Charlene Terranova, Society for Clinical 
Vascular Surgery, 13 Elm St, Manchester, MA 
01944. 
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they are by neighboring su~geons, car- 


diologists, pulmonologists, and anes- 
thesiologists. Working on the sound 
principle that a good offense is pref- 
erable to a defense, they are quite 
properly establishing their identity 
not merely by availability :n the inten- 
sive care unit (ICU) but also by proof of 
their expertise in publications. Among 
the evidence of such “marketing” is the 
series “Clinics in Critical Care Medi- 
cine” of which the presert volume is 
the fifth publication. 

The choice of editor guarantees a 
high-level scientific standard for the 16 
chapters; which review various as- 
pects of infection as seen and managed 
in the surgical ICU. Of the 21 authors, 
most (62%) are Canadians but there is 
a sprinkling of French (feur authors) 
and other North Americans from 
south of the border (four authors). 

The first two sections of 112 pages 


April 


The American Society of Colon and Rectal Sur- 
geons, April 5-10, Washington, DC. Contact Har- 
riette Gibson, Executive Director, 615 Griswold, 
Suite 1717, Detroit, MI 48226. 


Association for Surgical Education, April 8-11, 
Williamsburg, VA. Contact Dr Bruce Macfayden, 
Jr, 6431 Fannin, #4164, Housten, TX 77030. 


American College of Surgeans, April 5-8, Phila- 
delphia. Contact LaSalle D. Lefiall, Jr, MD, Ameri- 
can College of Surgeons, 55 E Erie St, Chicago, 
IL 60611. 


1987 Annual Meeting of the Sacviety of Surgical 
Oncology in conjunction with the Society of 
Head and Neck Surgeons, the British Associ- 
ation of Surgical Oncology. and the British 
Society of Head and Neck Sergeons, April 26- 
May 1, The Grosvenor House London, Contact 
SSO, 13 Elm St, Manchester, MA 01944. 


May 


Association of Veterans Administration Sur- 
geons, May 7-9, Portland, Ors. Contact Donald 
E. Fry, MD, Chief, Surgical Service, VA Medical 
Center, 10701 East Blvd, Cleveland, OH 44106. 


The Surgical Infection Society, May 11-12, The 
Hershey, Philadelphia. Con-act Jonathan L. 


are, in general, excellent, lavishly doc- 
umented reviews of the basic scientific 
principles regarding infection. The 
scholarly chapter by Forse and Kinney 
on the metabolic response to infection 
is pure 200-proof distilled wisdom. 


The final section of 214 pages is of 


more uneven value but systematically 
reviews the clinical recognition and 
management of specific infections as 
they occur in the ICU. 


Surgeons are faced with the follow- 


ing two options: we can continue to be 
captains of the ship and make decisions 
while our patients are in the surgical 
ICU, or we can simply be passengers 
gossiping among ourselves while 
others avoid the icebergs. 
former, it is our responsibility to stay 


If the 


current. Books such as those in this 


series help. 
BEN EISEMAN, MD 
Denver 


Meakins, MD, Department of Surgery, Room 
$10.30, Royal Victoria Hospital, 687 Pine Ave W, 
Montreal, Quebec, Canada H3A 1A1. 


American Fracture Association Annual Meet- 
ing, May 23-27, Hyatt Regency, Chicago. Contact 
John L. Wright, MD, PO Box 668, Bloomington, IL 
61701. 


June 


First International Shock Congress and Tenth 
Annual Conference on Shock, June 7-11, Mer- 
idien Hotel, Montreal, Canada. Contact Dr Sher- 
wood M. Reichard, Medical College of Georgia, 
Augusta, GA 30912. 


September 
American Association for the Surgery of 
Trauma, September 10-12, Bonaventure Hilton, 
Montreal, Quebec, Canada. 
October 
New England Surgical Society, October 16-18, 
The Mount Washington, Bretton Woods, New 
Hampshire. 


American College of Surgeons, October 11-16, 


San Francisco. Contact LaSalle D. Leffall, Jr, MD. 


American College of Surgeons, 55 E Erie St, 
Chicago, IL 60611. 
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In intra-abdominal and gynecologic infection 


due to indicated organisms 
Switch to 


CEFOTAN... 


(cefotetan disodium) 





For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 
TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 


-= tract infections. caused by F coli, Klebsiella species (including K pneumoniae), Preteus 
mirabilis and Peoteus sa (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Merganell.. marganii). 


Lower respiratory tractinfections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus 
Merian (inctuding arapicilin-resistant strains), Klebsiella species (including K pneumoniae), 

and E coli. 


Skin and skin structuresinfections caused by Staphylococcus aureus (penicillinase- and nenpenicil- 
linase-producing strains), Siaphylococcus epidermidis ,* Streptococcus pyogenes and Streptococcus 
species (excluding enterocarci), and E coli. 


Gynecologic intectionsscaused by Staphylococcus aureust (including penicillinase- and nenpenicil- 
linase-producing strains), Siaphylococcus epidermidis ,* Streptococcus species (excluding entero- 
cocci), E coli, Broteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding Bdistasonis, 
B ovatus, B thetaiotaonwcronm), Fusobacterium species,‘ and gram-positive anaerobic coce! (including 
Peptococcus and Peptestrentococcus species’). 


intra-abdominal infections caused by E coli, Klebsiella species (including K pneumoniae’) Strepto- 
coccus speciesexcludmg enterococci), and Bacteroides species (excluding B distasonis, 8 ovatus, 
B thetaiotaomicron). 


Bone and jointinfections caused by Staphylococcus aureus t 
* NOTE: Some strains o' Staphylococcus epidermidis are resistant to cefotetan. 
‘Efficacy for this organism in this organ system was studied in fewer than ten infections. 


PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
contaminated or potentally contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, 
transurethral surgery, E liary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the 
clamping of the umbilical cord. 

If there are signs andesymotoms of infection, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated. 


CONTRAINDICATIONS 
CEFOTAN is contraindicatedin patients with known allergy to the cephalosporin group of antibiotics. 


WARNINGS 

Before therapywith CEF OTAN is instituted, careful inquiry should be made to determine whether the 
patient has had previous sy perl reactions to cefotetan disodium, cephalosporins, 
penicillins, or other drags. “his product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be aeministered with caution to any eon who has demonstrated some form of 
allergy, particularly to «rugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require ooo and other emergency measures. 

Pseudomembranoussolifis has been reported with the use of cephalosporins (and other broad- 
spectrum antibsotics); meretore, it is important to consider its diagnosis in patients who develop 
diarrhea in asseciationwith antibiotic use. 

Treatment with broad spestrum antibiotics may alter normal flora of the colon and may germit 
overgrowth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary 
cause of antibiatic-asscciated colitis. Cholestyramine and colestipol resins have been shown to bind 
the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should 
be managed with fluid, -lecteolyte, and protein supplementation as indicated. When the cotrtis is not 
relieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for 
ee pseudemembranous colitis produced by C difficile. Other causes should also be 
considered. 


PRECAUTIONS. 

GENERAL: As with othe: broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptibee organisms. Careful observation of the patient is essential. If superinfection 
does occur durmg therapy, appropriate measures should be taken. 

In common with man otRer broad-spectrum antibiotics, CEFOTAN may be associated wath a fall in 
prothrombin activity. Tse at risk include patients with renal or hepatic impairment, or poor nutri- 
tional state. Prathrombia times should be monitored in patients at risk and exogenous Vitamin K 
administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 


INFORMATION FOR PAT ENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by patil f Sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc) is ingestedwithin 72 hours after CEFOTAN administration. Patients should be cautioned about the 
ingestion of alcoholic beverages following the administration of CEFOTAN. 


DRUG INTERAGTIONS: 7 CEFOTAN and an aminoglycoside are used concomitantly, renal function 
should be carefully monstored, especially if higher dosages of the aminoglycoside are to be-adminis- 
tered or if therapy is prmonged, because of the potential nephrotoxicity and ototoxicity of aminoglyco- 


_ side antibiotics. Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, 


it is possible that nephretoxicity may be potentiated if CEFOTAN is used concomitantly withan 
aminoglycoside 


DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict'sor Fehling's solution. 

As with othencephalcsponns, high concentrations of cefotetan may interfere with measwrement of 
serum and urine creatinme levels of Jaffe reaction and produce false increases in the levelsof 
creatinine reported. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have net been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in Sangard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approx3-16itimes the usual adult human dose) on days 6-35 of life (thougnt to be 


The cost-effective replacement for cefoxitin 


CEFOTAN™ (cefotetan disodium) 


developmentally analogous to late childhood oe prepony in humans) resulted in reduced testicular 
weight anc seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogo- 
nia and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity ct lesions 
were dose-dependent; at 120 mg/kg/day (approx 2-4 times the usual human dose), only tof 10 
treated aninals was affected, and the degree of degeneration was mild. Similar lesions have been 
observed in experiments of comparable design with other methylthiotetrazole-containing antibiotics 
and impaired fertility has been reported, particularly at high dose levels. No testicular effects were 
observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or in infant dogs 

(3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these findings to 
humans is unknown. 


USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or narm to the fetus due to cefotetan. There are, however, no adequate and well-centrolled 
studies in pregnant women. Because animal reproductive studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed 


USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations 
Caution should be exercised when cefotetan is administered to a nursing woman 
PEDIATRIC USE: Safety and effectiveness in children have not been established 


ADVERSE REACTIONS 
In clinical studies the following adverse effects were considered related to CEFOTAN therapy 


Gastrointestinal symptoms occurred in 1.5 percent of patients; the most frequent were diarrhea (1 in 
80) and nausea (1 in 700). 


Hematologic laboratory abnormalities occurred in 1.4 percent of patients and included eosinophilia 
(1 in 200), positive direct Coombs’ test (1 in 250), and thrombocytosis (1 in 300) 


Hepatic enzyme elevations occurred in 1.2 percent of patients and included a rise in SGPT (1 in 150), 
SGOT (1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700) 


Hypersensitivity reactions were reported in 1.2 percent of patients and included rash (1 in 150) and 
itching (1 im 700). 


Local effects were reported in less than one percent of patients and included phlebitis at the site of 
injection (11n 300), and discomfort (1 in 500). 


DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or 
intramuscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be 
determinec by the condition of the patient, severity of the infection, and susceptibility of the causative 
organism 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 


“Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To pova postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose shouid be 
administered as soon as the umbilical cord is clamped. 


IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 


mL/min Dose Frequency 
30 Usual Recommended Dose* Every 12 hours 
10-30 Usual Recommended Dose* Every 24 hours 
<10 Usual Recommended Dose * Every 48 hours 


* Dose determined by the type and severity of infection, and susceptibility of the causative organism 


Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 


HOW SUPPLIED 

CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disod um . 
equivalent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1g 
dose is ava lable in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. 
The vials should not be stored at temperatures above 22°C and should be protected from light. 

1g in 10 mt wal (NDC 0038 Oar 20} 

2 g in 20 mL wal (NDC 0038-0377-20 

1g in 100 mL vial INDE 0038-0376-11) 

2 g in 100 mL vial (NDC 0038-0377-21) 
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Sepsis Score and Acute-Phase Protein Response as Predictors of Outcome in 
Septic Surgical Patients L. Dominioni, R. Dionigi, M. Zanello, R. Monico, R. Cremaschi, 
R. Dionigi, A. Ballabio, M. Massa, M. Comelli, P. Dal Ri, P. Pisati 
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Ketoconazole Prevents Candida Sepsis in Critically I! Surgical Patients Ñ 

:G. J. Slotman, K. W. Burchard | 
Reducing Wound Infections J. A. Moylan, K. T. Fitzpatrick, K. E. Davenport 
Design and Conduct of Antibiotic Trials J. S. Solomkin, E. P. Dellinger, 
e N. V. Christou, A. D. Mason, Jr 

Assessing Operative Site Infection in Surgical Patients N. V. Christou, | 

C. W. Nohr, J. L. Meakins A 

Surgery in Patients With Acquired Immunodeficiency Syndrome G. Robinson, 
es : Nee S. E. Wilson, R. A. Williams 

ki | Suppression of Interleukin 2 Production in an Animal Model of Thermal Injury 

a8 AN Is Related to Prostaglandin Synthesis J. J. Wood, J. T. Grbic, M. L. Rodrick, 
AN. jA A. Jordan, J. A. Mannick 
ae Endotoxin Promotes the Translocation of Bacteria From the Gut E. A. Deitch, 


R. Berg, R. Specian 


Kupffer Cell Modulation of the Systemic Immune Response J. C. Marshall, C. Lee, 
a ee ae if J. L. Meakins, R. P. Michel, N. V. Christou 

> e Neutrophil Function ina Rat Model of Endotoxin-Induced Lung Injury 
: . Pe Tae ` R. K. Simons, R. V. Maier, S. Lennard 


Effect of Altered Volume of Distribution on Aminoglycoside Levels in Patients 
in Surgical Intensive Care P. W. Niemiec, Jr, M. D. Allo, C. F. Miller 


Flow Cytometric Measurement of Rat Lymphocyte Subpopulations After Burn 
injury and Burn Injury With Infection ‘D. G. Burleson, G. K. Vaughn, A. D. Mason, Jr, 
l | B. A. Pruitt, Jr 


Local Heat Increases Blood Flow.and Oxygen Tension in Wounds J. M. Rabkin, 
es ‘teh & T. K. Hunt 


Effect of Insulin on Amino Acid Uptake and Protein Turnover in Skeletal Muscle 
E ar From Septic Rats | P.-O. Hasselgren, B. W. Warner, J. H. James, 
F H. Takehara, J. E. Fischer * 


Inhibition of Lymphocyte Proliferation by Fluid-Phase C3b as Influenced by 
Macrophages C. K. Ogle, J. D. Ogle, C. Johnson, L. Keynton, J. W. Alexander 


PANEL DISCUSSION—SURGICAL INFECTION SOCIETY 1986 


Lymphocyte-Macrophage interactions in the Response to Surgical Infections - 
| * N.V. Christou, J. A. Mannick, M. A. West, D. L. Kasper 
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Cephalosporin confusion 
One simple 
solution. 


Answers the need for effective therapy with 
a single daily dose. 











Clinically effective with once-a-day dosage'* 


Bacterial septicemia 72% cured 


24% improved 


Intra-abdomina 75% cured 


17% improved 


Skin and skin structure 195 75% cured 


20% improved 





OVERALL RESPONSE 77% cured 





19% improved 





"Dosage was 1 or 2 gm q24h i 
Clinical Cure Clinical Improvement 

Elimination of the clinical signs and symptoms A significant lessening of the clinica 

of the disease, with no recurt € at the time signs and symptoms of the disease 

the drug was discontinued or during follow-up 





Answers the need for effective therapy and is generally well 
tolerated.’ As with ary cephalosporin, there exists the possibility of 
hypersensitivity reactions, especially in individuals with a history of 
sensitivity. 





Answers the need for effective therapy that reaches high and 
sustained concentrations in plasma, tissues and body fluids.2’3 \ 
Levels remain above MICs and MBC s of common pathogens for 24 
hours.* Specific levels may not necessarily correlate with therapeutic 
results, but penetratian is regarded as important to therapeutic efficacy. H 
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S pectru mM i Answers the need for effective therapy with a 


“workhorse” spectrum of activity against susceptible 
gram-positive and gram-negative organisms. 


E XC retion i Answers the need for effective therapy with an extra 


A 


safeguard—compensating dual renal/hepatic excretion. 
However, blaod levels should be monitored in patients with severe 
renal impairment (e.g., dialysis patients), in patients with both renal 


and hepatic dysfunctions and in patients receiving doses greater 
than 2 grams. 


No dosage-adjustment needed in patients with 
impaired renal or hepatic function. 


When renal 


When 
function 


gared Biliary hepatic — Renal 
Gene secretion function Is excretion 
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Savings. 


Answers the need for effective therapy with 
once-a-day administration and low total daily cost.° 





Please see following page for references and summary of product information. 


Once-a-day 
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aphin v-M 
riaxone sodium/Roche 


Beforeprescribing, please consult complete product information, a summary of which follows: 

MICROBIOLOGY. The wactercical activity of ceftriaxone results from inhibition of cell wall synthesis 
Ceftriaxone has a highedegree of stability in the presence of beta-lactamases, both penicillinases and 
Ccephaosporinases. of gram-negative and gram-positive bacteria. Ceftriaxone is usually active against the 
followmg microorganisms in wirc and in clinical infections (see Indications and Usage) 
GRAN-NEGATWE AEPOBES: Enterobacter aerogenes, Enterobacter cloacae, Eschenchia coli, Hae- 
mophius influenzae (ircludirg empicillin-resistant strains). H. parainfiuenzae Klebsiella species (includ: 
ing K pneumoniae), Neisseza gonorhoeae (including Denicillinase and nonpenicillinase producing 
sirang, Neissena memngiticis, Proteus mirabilis, Proteus vuigans, Morganella morganm and Serratia 
marcescens 

Note: Many strains of the above organisms that are multiply resistant to other antibiotics. eg. penicillins, 

cephaosponns and aminoglycosides, are susceptible to ceftriaxone sodium 

Ceftriaxone is also active agains! many strains of Pseudomonas aeruginosa. 

GRAM-POSITIVE AEROBES. Staphylococcus aureus (including penicillinase-producing strains) and 

Staphelococcus epicesnidis (Note: methicillin-resistant staphylococci are resistant to cephalosporins, 

including cettnaxone), Streptocaccus pyogenes (Group A beta-hemolytic streptococci), Streptococcus 

agalactiae (Group B stepiococe!) and Streptococcus preumomae (Note Most strains of enterococci, 

Strepmcoccus faecaus and Group D streptococci are resistant.) 

Ceftnexone also demonstrates im vitro activity against the folowing microorganisms, although the clinical 

significance is unknown 

GRAN-NEGATIVE AEROBES Citrobacter freundi, Citrobacter diversus, Providencia species (including 

Provicencia retigen). Salmonella species (including S typhi). Shigella species and Acinetobacter 

calcoaceticus 

ANAFROBES Bacterodes species, Clastndium species (Note: most strains of C difficile are resistant) 

SUSC=PTISILITY TESTING: Standard susceptibility disk method Quantitative methods that require 

measarement of zone diameters give the most precise estimate of antibiotic susceptibility One such 

procedure (Bauer AW Kirby WMM, Shems JC, Turck M: Antibiotic Susceptibility Testing by a Standardized 

SingleDisk Method, Am J Cin Pathol 45, 493-496, 1966, Standardized Disk Susceptibility Test, Federal 

Regiswer 39 19182 19184, 1974; National Committee for Clinical Laboratory Standards, Approved Stan 

Gard: ASM 2, Periormance Standards for Antimicrobial Disk Susceptibility Tests, July 1975) has been 

recommended tor use with disks to test susceptibility to ceftriaxone 

Laboratory results of tne standardized single-disk susceptibility test using a 30-mcg ceftriaxone disk 

Shoulé be interpreted a-cordingto the following three critena 

1. Susceptible organisms produce zones of 18 mm or greater, indicating that the tested organism ıs likely 
to spond to therapy. 

2 Organisms that produce zones of 14 to 17 mm are expected to be susceptible ifa high dosage (not to 
exceed 4 gm per day) is used or if the infection is confined to tissues and fluids (eg, urine), in which 
hich antibiotic levels are aftainec. 

3. Resistant organisms produce zones of 13 mm or less, indicating that other therapy should be selected 

Orgarisms should be tested with the ceftriaxone disk, since ceftriaxone has been shown by in vitro tests 

to be active agains! certain strains found resistant to cephalosponin class disks. 

Orgamisms having 22"es o° less than 18 mm around the cephalothin disk are not necessarily of 

inlerrrediaie susceptibility orresistant to ceftriaxone 

Standardized procedures require use of control organisms The 30-meg ceftriaxone disk should give zone 

Giameers between 29 and 35 mm, 22 and 28 mm and 17 and 23 mm for the reference strains E.coli ATCC 

25922 S aureus ATCOL25923 and P aeruginosa ATCC 27853. respectively 

DILURON TECHNIQUES: Based or the pharmacokinetic profile of ceftriaxone, a bacterial isolate may be 

consmered susceptible if tne MIC value for ceftriaxone is not more than 16 mceg/mi Organisms are 

considered resistant iœceftraxone if the MIC is equal to or greater than 64 mcg/ml. Organisms having an 

MIC value ot less than 54 mcg/ml, but greater than 16 meg/ml, are expected to be susceptible it a high 

dosage (not to exceed 4 grn per day) is used or if the infection is confined to tissues and fluids (eg. urine), 

in which high antiovotclevels are attained 

E. coATCS 25922. S aureus ATCC 25923 and P aeruginosa ATCC 27853 are also the recommended 

reference strams for controlling ceftriaxone dilution tests. Greater than 95% of MICs for the E. coli strain 

should fall within the range of 0.015 to 0.5 mcg/ml The range for the S. aureus strain should be 1 to 2 

meg/mi, while for the P aeruginosa strain the range should be 8 to 64 meg/mi 

INDICATIONS AND USAGE: Soceptin is indicated for the treatment of the following infections when 

caused by susceplibleorgarnisms 

LOWER RESPIRATORY TRACT INFECTIONS caused by Strep. pneumoniae, Streptococcus species 

(excluding entetococ=:), Staph, aureus, H. influenzae, H. paraintivenzae, Klebsiella species (including K. 

pneumonae) E coh, E aerogenes, Proteus mirabilis and Serratia marcescens 

SKIN"AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus, Staph epidermidis, Streptococcus 

species (excluding erterococa), — cloacae, Klebsiella species (including K pneumoniae), Proteus 

mirabilis and Pseudomonas aewginosa 

URINARY TRACT INFECTIONS (complicated and uncomplicated) caused by E coli, Proteus mirabilis, 

Protews vulgans, M mcrganitand Klebsiella species (including K pneumoniae) 

UNCOMPLICATED G@NORSHEA (cervical/urethral and rectal) caused by Neisseria gonorrhoeae. 

inclueing both penicrimase end nonpenicillinase producing strains 

PELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae 

BACTERIAL SEPTICEMIA caused by Staph. aureus, Strep. pneumoniae, E. coli, H. influenzae and K 

pneumonae. 

BONE AND JOINT INEECTIONS caused by Staph. aureus, Strep. pneumomae, Streptococcus species 

(exclting enterococe |. E cali, P mirabilis, K pneumoniae and Enterobacter species 

INTRA-AEDOMINAL INFECTIONS caused by E cob and K. pneumoniae 

MENINGITIS caused by 1. untluenzae, N. meningitidis and Strep pneumoniae Ceftriaxone has also been 

usedisuccessiully in a limited number of cases of meningitis and shunt infections caused by Staph 

epidemics and E cof 

PROPHYLAXIS. The administration of a single dose of ceftriaxone preoperatively may reduce the inci 

dence of posteperalive infeciioms in patients undergoing coronary artery bypass surgery. 

Although ceftraxone has been shawn to have been as effective as cefazolin in the prevention of infection 

following coronary artery bypass surgery, No placebo-controlled trials have been conducted to evaluate 

any C2pnalosporin antibiotic in theyprevention of infection following coronary artery bypass surgery 

SUSCEPTIBILITY TESTING: 3etore instituting treatment with Rocephin, appropriate specimens should 

be obtained tar isolation of the causative organism and for determination of its susceptibility to the drug 

Therapy may be instituted pror to obtaining results of susceptibility testing 

CONTRAINDICATIONS: Rocephin is contraindicated in patents with known allergy to the cephalosporin 

classof antibiotics. 

WARSINGS: BEFORE THEF APY WITH ROCEPHIN IS INSTITUTED. CAREFUL INQUIRY SHOULD BE 

MADE TO DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY REAC- 

TIONS TO CEPHALOSPORINS, PENICILLINS OR OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN 

CAUTIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH 

CAU"ION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY. PARTICULARLY 

TODRUGS SERIOUSACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE THE USE OF SUBCUTA- 

NEOUS E°INEPHAINE ANC OTHER EMERGENCY MEASURES 

Pseusiomembranous colitis has been reported with the use of cephalosporins (and other broad -spec 

trumantibiotics), therefore, is important to consider its diagnosis in patients who develop diarrhea in 

association with antimxotic use. 


* 





References: 
Jata on fie, Hoffmann-La Roche Inc. 
. Patel IH, Kaplan SA: Am J Med 77:17-25, Oct 19, 1984. 
. Richards DM, etal: Drugs 27:469-527, 1984. 
. Cleeland R, Squires E: Am J Med 77:3-11, Oct 19, 1984. 
. Tanner Dz, Nazariazn MQ: Am J Med 77:104-111, Oct 19, 1984. 
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i vath broad-spectrum antibiotics alters the normal fiora of the colon and may permit overgrowth 
of closincia Studies indicate a toxin produced by Closindium difficile is one primary cause of antibiotic- 
associ@ted zolitis. Cholestyramine and colestipol resins have been shown to bind to the toxin in vitro 
Mild cases 3f colitis respond to drug discontinuance alone. Moderate to severe cases Should be man: 
aged with tuid, electrolyte and protein supplementation as indicated. 

When the »olitis is not relieved by drug discontinuance or when it is Severe, oral vancomycin is the 
treatment € choice for antibiotic associated pseudomembranous colitis produced by C aifficile. Other 
Causes. of Olitis should also be considered 

PRECAUTIG@NS: GENERAL Although transient elevations of BUN and serum creatinine have been 
observed, & the recommended dosages, the nephrotoxic potential of Rocephin is similar to that of other 
Cephaiesparins. 

Ceftnaxone s excreted via both biliary and renal excretion (see Clinical Pharmacology). Therefore, patients 
with rnal ‘failure normally requee no adjustment in dosage when usual doses of Rocephin are 
administer, but concentrations of drug in the serum should be monitored penodically. It evidence of 
accumulation exists, dosage should be decreased accordingly. 

Dosage actustments should not be necessary in patients with hepatic dysfunction, however, in patients 
with both patic dysfunction and significant renal disease. Rocephin dosage should not exceed 2 gm 
daily withowt close monitonng of serum concentrations 

Alteratens on prothrombin times have occurred rarely in patents treated with Rocephin. Patents with 
impare vEamin K synthesis or low vitamin K stores (e.g. chronic hepatic disease and malnutrition) may 
require-mcutoring of prothrombin time during Rocephin treatment Vitamin K administration (10 mg 
weekly) May be necessary if the prothrombin time is prolonged before or during therapy. 

Prolonged use of Rocephin may result in overgrowth of nonsusceptibie organisms. Caretul abservation of 
the patient ss essential. If superinfection occurs during therapy, appropriate measures should be taken 
Roceptwn -hould be prescribed with caution in individuals with a history of gastrointestinal disease. 
especially _olitis. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY Carcinogenesis’ Comsidering the 
maxima duration of treatment and the class of the compound, carcinogenicity studies with ceftriaxone 
in ammals ~ave not been performed. The maximum duration of animal toxicity studies was six months 
Mutagenesis Genetic toxicology tests included the Ames test, a micronucleus test and a test for 
chromesomal aberrations in human lymphocytes cultured n vitro with celtnaxone Ceftriaxone showed 
no potential for mutagenic activity in these studies 

impairmer of Fertility Ceftriaxone produced no impairment of fertility when given intravenously to rats at 
daily dese- up to 586 mg/kg/day. approximately 20 times the recommended clinical dose of 2 gm/day. 
PREGNANCY Teratogenuc Effects Pregnancy Category B Reproductive studies have been performed in 
mice and mts at doses up to 20 times the usual human dose and have no evidence of embryotoxicity, 
fetotmucttyeor teratogenicity. In primates, no embryotoxcity or teratogenicity was demonstrated at a dose 
apprommaely three times the human dose 

There are. however, no adequate and well-controlled studies in pregnant women. Because animal 
reproductiae studies are not always predictive of human response. this drug should be used during 
pregnancyonly if clearly needed 

Nonteratogenic Effects. In rats, in the Segment | (fertility and general reproduction) and Segment III 
(pennaial and postnatal) studies with intravenously administered ceftriaxone, no adverse effects were 
noted en arous reproductive parameters during gestation and lactation, including postnatal growth, 
functional 2ehavior and reproductive ability of the offspring, at doses of 586 mg/kg/day or less 
NURSINGMOTHERS Low concentrations of ceftriaxone are excreted in human milk. Caution should be 
exercised when Rocephin is administered to a nursing woman 

PEDIATRIC USE Satety and effectiveness of Rocephin in neonates, infants and children have been 
established tor the dosages described in the Dosage and Admunstration section 

ADVERSE AEACTIONS: Rocephin is generally well tolerated. in clinical tnals, the following adverse reac- 
lions. whic were Considered to be related to Rocephin therapy or of uncertain etiology, were observed 
LOCAL REACTIONS —pain, induration or tenderness at the site of injection (1%) Less frequently reported 
(less than %) was phlebitis after IV. administration 

HYPERSENSITIVITY —rash (1.7%) Less frequently reported (less than 1%) were pruritus, fever or chills. 
HEMATOLOGIC —eosinophilia (6%). thrombocytosis (51%) and leukopenia (21%) Less frequently 
reported (@ss than 1%) were anemia, neutropenia, lymphopenia, thrombocytopenia and prolongation of 
the prathrambin time 

GASTROIMM@TESTINAL —dharrhea (2 7%). Less frequently reported (less than 1%) were nausea or vomiting, 
and Oysgeusia 

HEPATIC —elevations of SGOT (31%) or SGPT (3.3%). Less trequently reported (less than 1%) were 
elevations! alkaline phosphatase and bilirubin 


- RENAL —-levations of the BUN (1.2%). Less trequently reported (less than 1%) were elevations of 


creatinine and the presence of casts in the urine 

CENTRALNERVOUS SYSTEM —headache or dizziness were reported occasionally (less than 1%). 
GENITOURINARY —moniliasis or vaginitis were reported occasionally (less than 1%) 

MISCELL. NEOUS —diaphoresis and flushing were reported occasionally (less than 1%) 

Othe: rarey observed adverse reactions (less than 01%) include leukocytosis, lymphocytosis. mono- 
Cytosis, b=sophilia, a decrease in the prothrombin time, jaundice, glycosuna, hematuria, bronchospasm, 
Serum sic. ness, abdominal pain, colitis, flatulence, dyspepsia, palpitations and epistaxis 

DOSAGE AND ADMINISTRATION: Rocephin may be administered intravenously or intramuscularly The 
usual adur daily dose 1s 1 to 2 gm given once a day (or n equally divided doses twice a day)depending on 
the type and severity of the infection. The total daily dose should not exceed 4 grams 

For the tmatment of senous miscellaneous infections in children, other than meningitts, the recom 
mended twtal daily dose is 50 to 75 mg/kg (not to exceed 2 grams), given in divided doses every 12 hours 
Generally#Rocephin therapy should be continued for at least two days alter the signs and symptoms of 
infection Rave disappeared The usual duration is 4 to 14 days; in complicated infections tonger therapy 
may be required 

In the treaament of meningitis, a daily dose of 100 mg/kg (not to exceed 4 grams), given in divided doses 
every 12 ours, should be administered with or without a loading dose ot 75 mg/kg 

For the treatment of uncomplicated gonococcal infections, a single intramuscular dose of 250 mg is 
recommended 

For preoperative use (surgical prophylaxis), a single dose of 1 gm administered Y to 2 hours betore 
surgery isrecommended 

Wher treating infections caused by Streptococcus pyogenes, therapy should be continued for at least 
ten Gays. 

No dasa adjustment is necessary for patients with impairment of renal or hepatic function, however, 
bloodilevals should be monitored in patients with severe renal impairment (eg. dialysis patents) and in 
patients with both renal and hepatic dysfunctions 

HOW SUPPLIED: Rocephin (ceftraxone sodiumn/Roche) is supplied as a sterile crystalline powder in glass 
vialsand s1ggyback bottles. The following packages are available 

Vialseonaining 250 mg equivalent of ceftriaxone. Boxes of 10 (NDC 0004 1962-01) 

Vials conaining 500 rng equivalent of ceftriaxone. Boxes of 10 (NDC 0004 1963-01) 

Vials eonauning 1 gm equivalent of ceftnaxone. Boxes of 10 (NDC 0004-1964-01). 

Piggybacs bottles containing 1 gm equivalent of ceftriaxone. Boxes of 10 (NDC 0004 1964-03) 

Vials conning 2 gm equivalent of ceftriaxone Boxes of 10 (NDC 0004-1965-01) 

Piggyback bottles containing 2 gm equivalent of ceftnaxone Boxes of 10 (NDC 0004 1965-03) 
Bulkyharnacy containers, containing 10 gm equivalent of ceftriaxone Boxes of 1 (NDC0004.1971.01), 
NOTRBORIDIRECT ADMINISTRATION 


Roche Laboratories 
Divasicn of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 ® 
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PAPERS READ BEFORE THE 6TH ANNUAL MEETING OF THE SURGICAL INFECTION SOCIETY, j 
CHICAGO, APRIL 21-22, 1986—PART II | 


Sepsis Score and Acute-Phase Protein Response as 
Predictors of Outcome in Septic Surgical Patients —.............---.--see sees ee eter etn etre nee seen ss ees 
Lorenzo Dominioni, MD, Renzo Dionigi, MD, FACS, Pavia, Italy; Marco Zanello, MD, Bologna, Italy; 
Reberto Monico, MD; Riccarda Cremaschi, MD; Roberto Dionigi, MD; Andrea Ballabio, MD; 1 
Margherita Massa; Mario Comelli, Pavia, Italy; Paolo Dal Ri, MD, Trento, Italy; Paolo Pisati, Pavia, Italy 
A sepsis index of survival was calculated by a formula using 
certain acute-phase proteins and severity of infection. 


141 


Keteconazole Prevents Candida Sepsis in Critically IIl Surgical Patients 
Gus J. Siotman, MD, Kenneth W. Burchard, MD, Providenee, RI 
Yeast colonization and invasive yeast sepsis were reduced by 
this antifungal compound. 
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Reducing Wound Infections: Improved Gown and Drape Barrier Performance 
Joseph A. Moylan, MD; Kevin T. Fitzpatrick, PA: Kevan E. Davenport, PA, Durham, NC 
A disposable gown and drape system was less expensive and 
was associated with fewer wound infections. 


Design and Conduct of Antibiotic Trials: A Report af the 
Scientific Studies Committee of the Surgical Infection Society 
Joseph S. Solomkin, MD, Cincinnati; E. Patchen Dellinger, MD, Seattle; 
Nicolas V. Christou, MD, Montreal; Arthur D. Mason, Jr, MD, San Antonio, Tex 
The number and complexity of factors influencing outcome make 
definitive trials difficult to design and conduct. 
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Assessing Operative Site Infection in Surgical Patients 
Nicolas V. Christou, MD, PhD, FRCS(C); Carl W. Nohr, MB; 
Jonathan L. Meakins, MD, DSc, FRCS(C), Montreal 

The three determinants of an infection were hostdefense, physiologic 
derangement, and bacterial contamination risk ai operation. 
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Surgery in Patients With Acquired immunodeficiency Syndrome ............-..-- 5552 serene rete eens 
Gene Rebinson, MD; Samuel E. Wilson, MD; Russell A. Williams, MD, Torrance, Calif 
(Operative intervention in AIDS patients is required most often 
for infections and neoplasms associated with immune deficiency. 


Suppression of Interleukin 2 Production in an Animal Model of 
Thermal injury Is Related to Prostaglandin Synthesis 
J. Jeremy Wood, BM, FRCS; John T. Grbic, DMD; Mary L. Rodrick, PhD; 

Andrea Jordan; John A. Mannick, MD, Boston 
Prostaglandin-mediated effects seem to be involved in reduced 
interleukin 2 production after burns. 
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The ARCHIVES OF SURGERY (ISSN 0004-0010) is published monthly by 
the American Medical Association, 535 N Dearborn St, Chicago, IL 60610, 
and is an official publication of the Association. Second-class postage paid at 
Chicago, IL 60610 and at additional mailing office. 


SUBSCRIPTION RATES—The subscription rates for the Archives of Sur- 
gery are as follows: for members of the AMA, $1.50 included in the annual 
membership dues; for nonmembers, $38 for one year, $68 for two years in the 


United States-and US possessions; all other countries, one year, $50; two 


years, $92 (add $15 surcharge to each one-year subscription, $30 for two 
years for air delivery to the United Kingdom, Europe, Bangladesn, India, 
Nepal, or Sri Lanka). Special yearly rates to residents and medical students 
in the United States and US possessions, one year, $19; two years, $34. 
Rates for subscriptions for delivery to Australia, Japan, New Zealand, or 
South Korea are available through respective exclusive agents. Address all 
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subscription communications to the American Medical Association, Circula- 
tion and Fulfillment Division, 535 N Dearborn St, Chicago, IL 60610. Phone: 
(312) 280-7154. 


CHANGE OF ADDRESS—POSTMASTER, send all address changes to 
Caryl L. Wertheimer, Director of Fulfillment, 535 N Dearborn St, Chicago, IL 
60610. Notification of address change must be made at least six weeks in 
advance, include both old and new addresses, a recent mailing label, and 
your new zip code. 


ADVERTISING PRINCIPLES: Each advertisement in this issue has been 
reviewed and complies with the principles governing advertising in AMA 
scientific publications. A copy of these principles is available on request. The 
appearance of advertising in AMA publications is not an AMA guarantee or 
endorsement of the product or the claims made for the product by the 
manufacturer. 
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£ _ Kupffer Cell Modulation of the Systemic Immune Response 






Rss a 


re . -epa 
+ ` 2p a 
BAS SY’ nae ea. g 
| ee : - Poe p. AE E ~ brat al ‘ l ; £ 
eS y T fe sa) : i Sn $ ; ai ; 
| eed Ce ee ar a Gk eae GA th et. bee aks ey 





rc a Ty er 
ae. a sy oN ‘ Si ah oh ny | É Ve = i: wt - u EN i 2 £ 
c on h J 2 J g ? E: t th Bere a . 2 K i À a à 7 f 
=l > oes ee pare ve yk wy -J { S pte la 
m u ee wee ye | ‘ | f 
___ Endotoxin Promotes the Translocation of Bacteria From the Gut 


-~ Edwin A. Deitch, MD; Rodney Berg, PhD; Robert Specian, PhD, Shreveport, _a 
= Endotoxin given intraperitoneally or intramuscularly promotes 
= bacteria crossing the mucosal barrier of the bowel. 


Johr C. Marshall, MD, FRCS(C); Chen Lee, MD: 
Jonethan L. Meakins, MD, DSc, FRCS(C); Rene P. Michel, MD, FRCP(C); 
Nicolas V. Christou, MD, PhD, FRCS(C), Montreal 
Kupffer cell activation and toxic hepatic injury depressed the 
delayed hypersensitivity response. 


Neutrophil Function in a Rat Model of Endotoxin-induced Lung Injury 
Richard K. Simons, MB, FRCS; Ronald V. Maier, MD: 
Star Lennard, MD. ScD, Seattle 
With endotoxemia, neutrophils had increased superoxide 
production and decreased myeloperoxidase activity. 


Effect of Altered Volume of Distribution on Aminoglycoside Levels 
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Paul W. Niemiec, Jr, PharmD; Maria D. Allo, MD; Clair F, Miller, MD, Baltimore 
A larger loading dose and close monitoring of serum 
concentrations are meeded in septic surgical patients. 


Flow Cytometric Measurement of Rat Lymphocyte Subpopulations 


After Burn injury and Burn Injury With Infection oo... 0... a a a 216 


David G. Burleson, PhD; George K. Vaughn; Arthur D. Mason, Jr, MD; 

Basi A. Pruitt, Jr, MD, Fort Sam Houston, Tex 
A decreased ratio of helper to suppressor lymphocytes may result 
from infection rather than contribute to its development. 


Local Heat Increases Blood Flow and Oxygen Tension in Wounds 
John M. Rabkin, MD, Thomas K. Hunt, MD, San Francisco 


Warmth may have value in the prevention of infection. 


Effect of Insulin on Amino Acid Uptake and 
Protein Turnover in Skeletal Muscle From Septic Rats: 
Evidence for Insulin Resistance of Protein Breakdown 
Per-Olof Hasselgren, MD, PhD; Brad W. Warner, MD; 
J. Howard James; Hiroo Takehara, MD; Josef E. Fischer, MD, Cincinnati 
P-otein breakcown was not inhibited as much by insulin in 
muscles from septic animals. 


Inhibition of Lymphocyte Proliferation by Fluid-Phase C3b 
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Core K. Ogle, PhD; James D. Ogle, PhD; Carol Johnson; 
Linette Keynton; J. Wesley Alexander. MD, ScD, Cincinnati 


A cleavage component of complement C3b inhibits lymphocyte 
proliferation in the presence of macrophages. 


PANEL DISCUSSION—SURGICAL INFECTION SOCIETY 1986 


Lympnocyte-Macrophage Interactions in the Response to Surgical infections ................................... 239 


Nicclas V. Christou, MD, Montreal; John A. Mannick, MD, Boston; 
Michael A. West, MD, Minneapolis; Dennis L. Kasper, MD, Boston 
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Like TPN -VIVONEX" T.E.N. is truly elemental for rapid return 
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TPN results. 
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to positive nitrogen balance. 





in a controlled study of 20 major abdominal surgery patients on either TPN or 
VIVONEX T.E.N., the change in mean nitrogen balance was as follows’: 


10 
* ; WEE Patients on TPN 
WwW 
O 7 GEM Patients on 
O 7 -| VIVONEX TEN. 
H6 
cs 5 
D 4 
2 3 
5 2 

1 

0 





Day 1 Day 2 Day 3 Day 4 Day 5 


The benefits of 
TPN, enterally... 
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Satisfactory 
Response 
(No. of cases) 










a Investigator | Year 
> Lou et al. 1985 


Clinical respoase was based upon subjective evaluation by the investigator; 
no differentiation between cure and improvement was made. 


Therapy 














Cefizox’ 
(ceftizoxime) 
cefoxitin 


100% (48/48) 
98% (60/61) 























Enteric Pathogens+ Mefoxin” 
MIC,, MIC. 
Oreanisms (No. of strains) (mcg./mil.) (mcg./ml.) 
6.3 


Escherichia coli (40) 
Klebsiella pneumoniae (32) 
Enterobacter aerogenes (16) 
Preteus (indole + ) (26) 
Se-ratia marcescens (32) 
Previdencia retigeri 
Ba=teroiaes fragilis (55) 













“Due to susceptible stramms of indicated organisms 

t/nvitro activitydoes not necessarily imply in vivo effectiveness, 

1. Lou, M.A., et &.: Comparative evaluation of ceftizoxime and cefoxitin in the 
treatment of imtraabdorninal infections, 14th Internat. Congr. Chemother., 

June 1985, Kyoto, Japan, pp. 2378-2379. 

2. Fu, KP., and Neu, H.C. Antibacterial activity of ceftizoxime, a 3-lactamase-stable 
cephalosporir, Antimicrob. Agents Chemother 17:583-590, Apr. 1980. 

3, Thomsberry, C.: Review ef in vitro activity of third-generation cephalosporins and 
other newer beta-lactam antibiotics against clinically important bacteria, Am. J. 
Med. 79: (Supol. A) 14-20. Aug. 1985. 

4. Aldridge, K.E. æt al.: C əmparison of the activities of penicillin G and new f- 
lactam antibiotics against clinical isolates of Bacten ides species, Antimicrob. 
Agents Chemother. 26:410-413. Sept. 1984. 
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Average Hospital Costs of 


Therapy for Severe Infections Mefoxin™ 











$9.13/g? 
2g. q8-12h 
$55 to $37 


$448 to $301 |$469 to $350 


$21 to $49 


Recommended Dosage 
for Severe Infections 










Cost per Day+ $55 to $41 









Preparation and 
Administration 
Cost per Dayt 






$12 to $9 









Total Cost of 
Therapy per Day 












Total Cost of Therapy 
per 7 Days of Treatment 








Savings with CEFIZOX® 






* Price quoted = wholesaler's price + 5%. 
T Rounded to the nearest dollar. 
+ Estimated @ $3/dose. f 


Offers b.i.d. dosing for all but 
life-threatening infections 


Outstanding mixed aerobic/ 
anaerobic coverage 


Excellent safety profile 


Lower cost of therapy than 
Mefoxin’ 


right! Why risk 


coverage: 





Manufactured for 
% Fupsawa SmuithKhne 
Distribused by 


atones 
Dewisionof SmithKline Beckman Corp 


Please see brief summary of prescribing 


information on last page of this advertisement. 131 


ai 


$ eS 


ie “aay. 
» mae Sos 


Ea ER 


Ler 


ESP ea. ee 2 a ee 





Fa ae a a OMe z Wi Nai oes 





brand of 


sterile ohie sodium 
ceftizoxime sodium injection 





Before prescribing, see complete prescribing information in SK&F literature or PDR. The 
following is a brie: summary. 

INDICATIONS 

‘Cefizox’ is indicated in the treatment of infections due to susceptible strains of the micro- 
organisms listed below: 

LOWER RESPIRaTORY TRACT INFECTIONS caused by Streptococcus sp. including S. 
pneumoniae (formerly D. pneumoniae), but excluding enterococci; Klebsiella sp.; Proteus mir- 
abilis; Escherichiacoli; Haemophilus influenzae including ampicillin-resistant strains; Staphy- 
lococcus aureus (penicillinase and nonpenicillinase producing); Serratia sp.; Enterobacter sp.; 
and Bacteroides sp. 


URINARY TRACT INFECTIONS caused by Staphylococcus aureus (penicillinase and non- 
penicillinase producing); Escherichia coli: Pseudomonas sp. including Ps. aeruginosa; Proteus 
mirabilis; P vulgazis; Providencia rettgeri (formerly Proteus rettgeri) and Morganella morganii 
(formerly Proteus raorganii); Klebsiella sp.; Serratia sp. including S marcescens; Enterobacter sp. 
GONORRHEA. Uncomplicated eervical and urethral gonorrhea caused by Neisseria gonorrhoeae. 


INTRA-ABDOMIBAL INFECTIONS caused by Escherichia coli: Staphylococcus epidermidis; 
Streptococcus sp. excluding enterococci); Enterobacter sp; Klebsiella sp.; Bacteroides sp. 
including B. fragif's; and anaerobic cocci, including Peptococcus sp. and Peptostreptococcus sp. 


SEPTICEMIA caused by Streptococcus sp. including S. pneumoniae (formerly D. pneumoniae), 
but excluding enterococci; Staphylococcus aureus (penicillinase and nonpenicillinase produc- 
ing); Escherichia coli; Bacteroides sp. including B. fragilis; Klebsiella sp.; and Serratia sp. 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staphylococcus aureus (penicillinase 
and nonpenicillinsse producing); Staphylococcus epidermidis; Escherichia coli: Klebsiella 

sp.; Streptococcus sp. including Streptococcus pyogenes (group A beta-hemolytic), but excluding 
enterococci; Protees mirabilis; Serratia sp.; Enterobacter sp.; Bacteroides sp. including B. 
fragilis; and anaerebic cocci, including Peptococcus sp. and Peptostreptococcus sp. 


BONE AND JOIN™ INFECTIONS caused by Staphylococcus aureus (penicillinase and non- 
penicillinase producing); Streptococcus sp.(excluding enterococci); Proteus mirabilis; Bacteroides 
sp.; and anaerobic zocci, including Peptococcus sp. and Peptostreptococcus sp. 


MENINGITIS caused by Haemophilus influenzae. ‘Cefizow has also been used successfully 
in the treatment ofa limited number of pediatric and adult cases of meningitis caused by Strep- 
tocoecus pneumordaae. 


‘Cefizox’ has been effective in the treatment of seriously ill, compromised patients, including 
those who were debilitated. immunosuppressed or neutropenic. 


Many infections cased by aerobic gram-negative organisms and by mixtures of organisms 
resistant to other cephalosporins, aminoglycosides, or penicillins respond to treatment with 
‘Cefizox’. 


Because of the serious nature ofsome urinary tract infections due to Ps. aeruginosa and 
because many straims of Pseudomonas species are only moderately susceptible to ‘Cefizox’, higher 
dosage is recommended. Other therapy should be instituted if the response is not prompt. 


Susceptibility studs on specimens obtained prior to therapy should be used to determine the 
response of causative organisms to ‘Cefizox’. Therapy with ‘Cefizox’ may be initiated pending results 
of the studies; however, treatment should be adjusted according to study findings. In serious 
infections ‘Cefizox’ 1as been used concomitantly with aminoglycosides (see Precautions). Before 
using ‘Cefizox’ coneomitantly with other antibiotics, the prescribing information for those 
agents should be reviewed for contraindications, warnings, precautions and adverse reactions. 
Renal function should be carefully monitored. 


CONTRAINDICATIONS 
‘Cefizox’ is contraindicated in persons who have shown hypersensitivity to cephalosporin 
tibioti 


WARNINGS 

BEFORE THERAPY WITH ‘CEFIZOX’IS INSTITUTED, CAREFUL INQUIRY SHOULD 

BE MADE TO DETERMINE WHETHERTHE PATIENT HAS HAD PREVIOUS HYPERSEN- 
SITIVITY REACTIDNS TO CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. 
THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE PA- 
TIENTS. ANTIBICTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT 
WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. 
SERIOUS ACUTE 4YPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 





Pseudomembranous colitis has been reported with the use of cephalosporins (and other 
broad-spectrum antibiotics); therefore, it is important to consider its diagnosis in patients who 
developed diarrhea in association with antibiotic use. Treatment with broad-spectrum antibiotics 
alters normal flora of the colon and may permit overgrowth of Clostridia. Studies indicate a 
toxin produced by Clostridium difficile is one primary cause of antibiotic-associated colitis. 
Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. Mild cases of 
colitis may respond to drug discontinuance alone. Moderate to severe cases should be managed 
with fluid. electrolyte and protein supplementation as indicated. When the colitis is not relieved 
by drug discontinuance or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C. difficile. Other causes of colitis 
should also be considered. 


PRECAUTIONS 

General: As with all broad-spectrum antibiotics, ‘Cefizox’ should be prescribed with caution in 
individuats with a history of gastrointestinal disease, particularly colitis. 

Although ‘Cefizox’ has not been shown to produce an alteration in renal function, renal status 
should be evaluated, especially in seriously ill patients receiving maximum dose therapy. As 
with any antibiotic, prolonged use may result in overgrowth of nonsusceptible organisms. Care- 
ful observation is essential; appropriate measures should be taken if superinfection occurs. 
Drug Interactions: Although the occurrence has not been reported with ‘Cefizox} nephrotox- 
icity has been reported following concomitant administration of other cephalosporins and 
aminoglycosides. 

Pregnancy: (Category B.) Reproduction studies have been performed in rats and rabbits and 
have revealed no evidence of impaired fertility or harm to the fetus due to ‘Cefizox’. There are, 
however, no adequate and well-controlled studies in pregnant women. Because animal reproduc- 
tion studies are not always predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Labor and Delivery: Safety of ‘Cefizox’ use during labor and delivery has not been established. 


Nursing Mothers: ‘Cefizox’ is excreted in human milk in low concentrations. Caution should be 
exercised when ‘Cefizox’ is administered to a nursing woman. 


Infants.and Children: Safety and efficacy in infants from birth to six months of age have not been 
established. In children six months of age and older, treatment with ‘Cefizox’ has been associated 
with transient elevated levels of eosinophils, SGOT, SGPT and CPK (creatine phosphokinase). 
The CPK elevation may be related to I.M. administration. 

ADVERSE REACTIONS 

Ceftizoxime is generally well tolerated; the most frequent adverse reactions (greater than 1%, but 
less than 5%) are: Hypersensitivity—Rash, pruritus, fever. Hepatic—Transient elevation in SGOT, 
SGPT and alkaline phosphatase. Hematologic—Transient eosinophilia, thrombocytosis. 

Some individuals have developed a positive Coombs test. Loca/—Injection site—Burning, 
cellulitis, phlebitis with I.V. administration, pain, induration, tenderness, paresthesia. 


Less frequent adverse reactions (/ess than 1%) are: Hypersensitivity—Numbness has been 
reported rarely. Hepatic—Elevation of bilirubin has been reported rarely. Rena/—Transient eleva- 
tions of BUN and creatinine have been occasionally observed with ceftizoxime. Hematologic— 
Anemia, leukopenia, neutropenia and thrombocytopenia have been reported rarely. 
Genitourinary—Vaginitis has rarely occurred. Gastrointestinal—Diarrhea; nausea and vomiting 
have been reported occasionally. Symptoms of pseudomembranous colitis can appear during 
or afterantibiotic treatment. (See Warnings.) 

HOW SUPPLIED 

Cefizox (sterile ceftizoxime sodium, FSK) is supplied in vials equivalent to 1 gram or 2 grams of 
ceftizoxime; in “Piggyback” Vials for LV. admixture equivalent to 1 gram or 2 grams of ceftizoxime. 
Cefizox{ceftizoxime sodium injection, FSK) as a frozen, sterile, nonpyrogenic solution in 
plastic containers—supplied in 50 ml. single-dose containers equivalent to 1 gram or 2 grams of 
ceftizoxime, in 5% Dextrose (D5W). Do not store above -20°C. 

‘Cefizox supplied as a frozen, sterile, nonpyrogenic solution in plastic containers is manufactured 
for Fujisawa SmithKline Corporation by Travenol Laboratories, Inc., Deerfield, IL 60015. 
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Manufactured for 
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Arlen & Marcove 

SURGICAL 
MANAGEMENT OF 

SOFT TISSUE SARCOMAS 


This practical ~olume reflects the latest 
thinking in surzical and adjuvant forms of 
therapy that can be offered to the sarcoma 
patient. Based #n their widespread analysis 
of sarcoma patents, the authors stress 
management based on site of origin, and 
discuss tumorson and about the shoulder 
girdle, hip joint, extremity, retroperitoneum, 
etc. Coverage includes methods for limb 
preservation; techniques for regional node 
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Instructions for Authors 


Manuscripts are to be sent by first-class mail to the 
Editor, Arthur E. Baue, MD, Archives of Surgery, St 
Mary’s Health Center, 6420 Clayton Rd, St Louis, MO 
63117. Tne procedures listed must be followed carefully and 
all materials requested must be enclosed for prompt review 
and consideration for publication in the Archives of Sur- 
gery. Use the checklist to ensure completeness. 

Manuscript Preparation.—The original typescript and 
two high-quality copies of the entire manuscript must be 
submitted, including copies of all illustrations, legends, ta- 
bles, and references. All copy, including references, leg- 
ends, and tables, must be typed double-spaced on 8% x 11-in, 
heavy-duty white bond paper. Margins must be at least1in. If 
a word froeessor is used, do not use justified right margins. 

Abstract.—Submit an abstract (135-word maximum) of 
the maruscript, which must include a statement of the 
problem, metheds of study, results, and conclusions. The 
synopsis-abstract replaces a summary or conclusions. 

Copyright.—A copyright release form signed by all 
authors of manuscripts, brief communications, and corre- 
spondence is required by the Copyright Revision Act of 
1976. The following statement, dated and signed by all 
authors, may be used: “In consideration of the American 
Medica! Association’s taking action in reviewing and 
editing my submission, the author(s) undersigned 


. hereby transfers, assigns, or otherwise conveys all copy- 


right ownershipto the AMA in the event that such work is 
published by the AMA.” 

Financial Interest.—List all affiliations with or finan- 
cial invo vement in any organization or entity with a direct 
financial interest in the subject matter or materials of the 
researck discussed in the manuscript (eg, employment, 
consultancies, stock ownership). All such information will 
be held in confidence during the review process. Should the 
manuscript be accepted, the Editor will discuss with the 
author tne extent of disclosure appropriate for publication. 

References.—References should be listed in consecutive 
numerical order as they are cited in the text, not alpha- 
beticallz. Once a reference is cited, all subsequent citations 
should ke to the original number. All references must be 
cited in zhe text or tables. Unpublished data and personal 
communication may not be listed as references. References 
to journal articles should include (1) authors, (2) title, (3) 
journal mameas abbreviated in Index Medicus, (4) year, (5) 
volume number; and (6) inclusive page numbers—in that 
order. References to books should include (1) authors, (2) 
chapter title, if any, (3) editor, if any, (4) title of book, (5) 
year, (6) city, and (7) publisher. Volume and edition num- 
bers, specifie pages, and name of translator should be 
included when appropriate. The author is responsible for 
the accuraey and completeness of the references and for 
their correct text citation. 

Auther Responsibility.—One author must be desig- 
nated carrespomding author, with his or her address and 
telephone number provided. All correspondence and copy 


gening are sent to this author. The corresponding author 


will receive an edited typescript rather than galley proofs 
for appreval. The authors are responsible for all statements 
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in their work, including changes made by the copy editor. 
Order reprints at the time the typescript is returned after 
editorial processing. Specify the address to which requests 
for reprints should be sent. 

Titles.—The title must be short, specific, and clear. It 
cannot exceed 42 characters per line, including punctuation 
and spaees, and is limited to two lines. The title page should 
include the full names and academic affiliations of all 
authors. If the manuscript was presented at a meeting, 
indicate the name of the organization, the place, and the 
date on which it was read. 

Metrication (and SI Units).—All measurements must 
be in metric units, with Systéme International (SI) unit 
equivalents given parenthetically, in accordance with AMA 
policy. 
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mounted and untrimmed. Do not send original artwork. 
Send high-contrast glossy prints (not photocopies). Figure 
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should be typed on a gummed label and affixed to the back of 
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be relettered to achieve uniformity of lettering style 
throughout the journal. Illustrations should preferably be 
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will pay only part of the expense of color reproduction and 
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© The address and telephone number of the desig- 
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Archives of Surgery 
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St Louis, MO 63117 
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ginning on a separate sheet of paper. Length is limited to a 
maximum ef 40 words. 

Tables.—Each table must be typed double-spaced, in- 
cluding all headings, on a separate sheet of 8⁄2 x 11-in paper. 
Do not use larger-size paper. If a table must be continued, 
use a second sheet and repeat all heads and stubs. Each 
table must have a title. 

Manuscript Acceptance.—Manuscripts are received 
with the understanding that they are not under simul- 
taneous consideration by another publication. Accepted 
manuscripts become the permanent property of the AR- 
CHIVES and may not be published elsewhere without per- 
mission from the publisher (AMA). 


OTHER INFORMATION 


Brief Clinical Notes.—The ARCHIVES welcomes the 
submission of Brief Clinical Notes for review. These are 
generally reports of cases that provide a new or unique 
contribution and are to consist of no more than 400 words, 
two references, and one illustration. The synopsis-abstract 
may not exceed 80 words. 

Correspendence and Brief Communications.—The 
Editor is pseased to receive letters that pertain to material 
published in the ARCHIVES as well as brief communications 
concerning other matters of interest to our readers. An 
interesting case may be published as a brief communication. 
Such contributions should be 250 words or less, typewrit- 
ten, double-spaced without an abstract, and clearly marked 
“for publication.” No more than two references are permit- 
ted and illustrations or tables are acceptable only when 
essential te the message. 


News and Announcements.—Brief notices may be sub- 
mitted of meetings, seminars, or symposiums that are of 
interest to surgeons. 

Acknowledgments.—Illustrations from other publica- 
tions must be acknowledged. Include the following when 
applicable: authors, title of article, title of journal or book, 
volume number, pages, month and year. The publisher's 
permission to reprint must be submitted to the ARCHIVES 
when the manuscript has been formally accepted. 

Statistical Review.—Manuscripts containing statistical 
evaluation should include the name and affiliation of the 
statiscical reviewer. 

Inf>rmed Consent.— Manuscripts reporting the results 
of ex>erimental investigations on human subjects must 
ineluce a statement to the effect that informed consent was 
obtained after the nature of the procedure(s) had been fully 
expla ned. 

Reference to Patients.—Patients should be referred to 
by number or, in anecdotal reports, by fictitious given 
names. Real names or initials must not be used in the text, 
tables, or illustrations. 

Photographic Consents.—A letter of consent must ac- 
company all photographs of patients in whicha possibility of 
ident-fication exists. It is not sufficient to simply cover the 
eyes to mask identity. 

AMA Manual for Authors & Editors.—The AMA Man- 
ual fcr Authors and Editors, formerly the Style Book/Edi- 
toriai Manual of the AMA, is available from Lange Medical 
Publizations, Drawer L, Los Altos, CA 94023. Single copy 
price: $13. Discounts are 10% for three to five copies and 15% 
for six or more copies. A shipping charge is added on all 
orders. 




































The American Association of 
Clinical Anatomists 
Presents 
A Course on the Applied 
Surgical Anatomy & Operative 
Surgery of the Liver 


Course Directors 
R. Ger M.D., and K. Moore, Ph.D. 


The course, co-sponsored by Winthrop University Hospital, 
Mineola, N.Y., and the University of Toronto Faculty of Medicine, 
will de held on June 6-7, 1987 at Toronto, Canada. 
Course Description: The course is designed to familiarize 
surgeons with the detailed disposition of the vascular and ductal 
structuras in relation to the surface and to the segmental 
divisions of the liver, without which safe and expeditious surgery 
cannot be performed. All techniques will be presented, including 
the “Easterr” intrahepatic technique, the “Western” extrahepatic 
method and the use of special instrumentation, such as the laser 
and the Cayitron. These approaches should interest the trauma, 
general, oncologic, and gastrointestinal surgeon. 
Registration: The fee of U.S. $250 ($125 for members) includes 
tuition, coftee breaks, and luncheons. A $50 cancellation fee for 
withdrawals after May 1 will operate. Registrants will be welcome 
to attend the annual meeting of the American Association of 
Clinical Anatomists as guests. This meeting will be held on June 
4-5 at the Medical Sciences Building, Toronto, and a fee of $50, 
which will include a banquet dinner on June 4th, will be payable. 
Hotels: Information on application 
Accreditetion: This course meets the criteria for Cat. 1. AMA 
accreditation. 
information: R. Ger, M.D., Winthrop University Hospital, Mineola, 
N.Y. 11501 Ph. 516 (663-2262). 
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The Society Of Graduate Surgeons 
Of The Los Angeles County- 
University Of Southern California 
Medical Center 


PRESENTS 


THE 37th Annual 
SURGICAL FORUM 


March 5-8, 1987 
Ambassador Hotel 
Los Angeles, California 





















FACULTY 


John G. Bartlett, MD, The Johns Hopkins University 
E. Stanley Crawford, MD, Baylor University 
James M. Foster, MD, University of Connecticut 
Bernard M. Jaffee, MD, State University of New York, Brooklyn 
Lloyd M. Nyhus, MD, The Abraham Lincoln School of Medicine 
Andrew L. Warshaw, MD, Harvard Medical School 


THE SURGICAL FORUM CONSISTS OF LECTURES, PANELS AND ROUND 
TABLE DISCUSSIONS ON TOPICS AND ADVANCES IN GENERAL 
SURGERY, VASCULAR SURGERY, AND SURGICAL INFECTIONS. 


REGISTRATION FEE: $400 CREDIT: 25 HOURS, CATEGORY 1 


incormation: SURGICAL FORUM 
5820 WILSHIRE BLVD., #500 
LOS ANGELES, CA 90036 
(213) 937-5514 


F NALLY 
AFTER 100 YEARS 


4 An intraoperative autotransfusion system 
that makes autologous transfusion 
a reality for you. 





The BRAT™ System from Kardiothor™ Conceived 
and developed from the clinical experiences of a 
leading medical research center. Proven in thou- 
Sands of procedures. 
| A system that gives you what you demand: 
Speed. Fast processing. Rapid turnaround of 
RBCs when the unexpected happens. Safety. 
Unique built-in air detector to protect your 
patient. Ease of use. Designed for the busy 
O.R. No special operator required. 
But we haven't stopped there. We’ve 
built a Program. Encompassing: Educa- 
tional support. Planning. Staff train- 
ing. Technical and clinical consulta- 
tion. A Program to help you make 
à autologous blood recovery a real- 
| ity in your hospital. 


BRAT from Kardiothor™ 


Baylor Rapid Autologous Transfusion System 


FOR THE LATEST FACTS ON AUTOLOGOUS TRANSFUSION, CALL 


1-800-622-BRAT’ 


In Texas call 713-363-9334 





*17 1886, John Duncan performed 


the first transfusion directly from 
Doze. Cardiovascular Systems, Inc. the operative field. 2408 Timberloch, Suite B-11, The Woedlands, TX 77: 
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Achromobacter spp. 
Acinetobacter spp. 
Actinomyces spp. 
Aeromonas hydrophila 
Alcaligenes spp. 
Bacteroides spp., 
including 
asaccharolyticus 
bivius 
disiens 
distasonis 
fragilis 
melaninogenicus 
ovatus 
thetaiotaomicron 
vulgatus 
Bordetella bronchiseptica 
Campylobacter spp. 
Citrobacter spp. 
Clostridium spp , 
including 
C. perfringens 
Enterobacter spp. 
Escherichia coli 
Eubacterium spp. 
Fusobacterium spp. 
Gardnerella vaginalis 
Haemophilus influenzae 
Haemophilus 
parainfluenzae 
Hafnia spp., including 
H. alvei 
Klebsiella spp., including 
K. oxytoca 
K. pneumoniae 
Listeria monocytogenes 
Moraxella spp. 
Morganella morganii 
Neisseria gonorrhoeae 
(PCNase +) 
Nocardia spp. 
Pasteurella multocida 
Peptococcus spp. 
Peptostreptococcus spp. 
Plesiomonas shigelloides 
Propionibacterium spp., 
including P acnes 
Proteus mirabilis 
Proteus vulgaris 
Providencia rettgeri 
Providencia stuartii 
Pseudomonas aeruginosa 
Salmonella spp. 
Serratia spp., including 
S. liquefaciens 
S. marcescens 
Shigella spp. 
Staphylococcus aureus 
(PCNase + ) 
Staphylococcus epider- 
midis 
(PCNase +) 
Streptococcus Spp., 
including 
Group A streptococci 
(S. pyogenes) 
Group B streptococci 
(S. agalactiae) 
Group C streptococci 
Group G streptococci 
Group D streptococci, 
including entero- 
cocci (S. faecalis) 
Streptococcus 
pneumoniae 
Viridans streptococci 
Veillonella spp. 
Yersinia spp., including 
Y. enterocolitica 
Y. pseudotuberculosis 


m m w D D D oo o 


Contraindications: PRIMAXIN is contraindicated in patients who have 
shown hypersensitivity to any component of this product. 


Warnings: SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY 
(anaphylactic) REACTIONS HAVE BEEN REPORTED IN PATIENTS 
RECEIVING THERAPY WITH BETA LACTAMS. THESE REACTIONS ARE 
MORE APT TO OCCUR IN PERSONS WITH A HISTORY OF SENSITIVITY 
TO MULTIPLE ALLERGENS. 


THERE HAVE BEEN REPORTS OF PATIENTS WITH A HISTORY OF PENI- 
CILLIN HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE 
HYPERSENSITIVITY REACTIONS WHEN TREATED WITH ANOTHER 
BETA LACTAM. BEFORE INITIATING THERAPY WITH PRIMAXIN, CARE- 
FUL INQUIRY SHOULD BE MADE CONCERNING PREVIOUS HYPERSEN- 
SITIVITY REACTIONS TO PENICILLINS, CEPHALOSPORINS, OTHER 
BETA LACTAMS, AND OTHER ALLERGENS. IF AN ALLERGIC REACTION 
TO PRIMAXIN OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPER- 
SENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER 
EMERGENCY MEASURES. 


Pseudomembranous colitis has been reported with virtually all antibi- 
otics, including PRIMAXIN; therefore it is important to consider 
its diagnosis in patients who develop diarrhea in association with antibi- 
otic use. This colitis may range in severity from mild to life threatening. 


Mild cases of pseudomembranous colitis may respond to drug discontin- 
uance alone. In more severe cases, management may include sig- 
moidascopy, appropriate bacteriological studies, fluid, electrolyte, and 
protein supplementation, and the use of a drug such as oral vancomycin, 
as indicated. Isolation of the patient may be advisable. Other causes of 
colitis should alsorbe considered. 


Precautions: Gevera/—CNS adverse experiences such as myoclonic 
activity, confusienal states, or seizures have been reported with 
PRIMAXIN. These experiences have occurred most commonly in 
patients with CNS disorders (e.g., brain lesions or history of seizures) 
who also have compromised renal function. However, there were rare 
reports in which there was no recognized or documented underlying CNS 
disorder. Close adherence to recommended dosage schedules is urged 
especially in patients with known factors that predispose to seizures. 
Anticonvulsant therapy should be continued in patients with a known sei- 
zure disorder. If focal tremors, myoclonus, or seizures occur, patients 
should be placed on anticonvulsant therapy. If CNS symptoms continue, 
the dasage of PRIMAXIN should be decreased or discontinued 


As with other antibiotics, prolonged use of PRIMAXIN may result in over- 
growth of nonsusceptible organisms. Repeated evaluation of the 
patient's condition is essential. If superinfection occurs during therapy, 
appropriate measures should be taken. While PRIMAXIN possesses the 
charaeteristic low toxicity of the beta-lactam group of antibiotics, periodic 
assessment of organ system function during prolonged therapy is advis- 
able. 

Drug interactions—Since concomitant administration of PRIMAXIN and 
probenecid results in only minimal increases in plasma levels of imi- 
penem and plasma half-life, it is not recommended that probenecid be 
given with PRIMAXIN. 


PRIMAXIN should not be mixed with or physically added to other antibi- 
otics. However, PRIMAXIN may be administered concomitantly with 
other antibiotics, such as aminoglycosides. 


Carcinogenesis, Mutagenesis, Impairment of Fertility—Gene toxicity 
studies were performed in a variety of bacterial and mammalian tests in 
vivo and in vitro. The tests were: V79 mammalian cell mutation assay 
(PRIMAXIN alone and imipenem alone), Ames test (cilastatin sodium 
alone), unscheduled DNA synthesis assay (PRIMAXIN), and m vivo 
mouse cytogenicity test (PRIMAXIN). None of these tests showed any 
evidence of genetic damage. 

Repreduction tests in male and female rats were performed with 
PRIMAXIN at dosage levels up to 8 times the usual human dose. Slight 
decreases in live ‘etal body weight were restricted to the hignest dosage 
level. No other adverse effects were observed on fertility, reproductive 
performance, feta! viability, growth, or postnatal development of pups. 
Similarly, no adverse effects on the fetus or on lactation were observed 
when PRIMAXIN was administered to rats late in gestation. 


Pregnancy—Pregnancy Category C: Teratogenicity studies with cilastatin 
sodium in rabbits and rats at 10 and 33 times the usual human dose, 
respectively, showed no evidence of adverse effect on the fetus. No evi- 
dence of teratogenicity or adverse effect on postnatal growth or behavior 
was observed in rats given imipenem at dosage levels up to 30 times the 
usual human dose. Similarly, no evidence of adverse effect on the fetus 
was observed in teratology studies in rabbits with imipenem at dosage 
levals at the usual human dose. 


Teratology studies with PRIMAXIN at doses up to 11 times the usual 
human dose in pregnant mice and rats during the period of major organ- 
ogenesis revealed no evidence of teratogenicity. 


Data from preliminary studies suggest an apparent intolerance to 
PRIMAXIN (including emesis, inappetence, body weight loss, diarrhea, 
and death) at doses equivalent to the average human dose in pregnant 
rabbits and cynomolgus monkeys that is not seen in nonpregnant ani- 
mals in these or other species. In other studies, PRIMAXIN was well tol- 
erated in equivalent or higher doses (up to 11 times the average human 
dose) in pregnant rats and mice. Further studies are under way to evalu- 
ate these findings. 


There are, however, no adequate and well-controlled studies in pregnant 
women. PRIMAXIN should be used only if the potential benefit justifies” 
the potential risk to the fetus. 


Nursing Mothers—lt is not known whether this drug is excreted in 
human milk. Because many drugs are excreted in human milk, caution 
should be exercised when PRIMAXIN is administered to a nursing 
woman. 


Pediatric Use—Satety and effectiveness in infants and children below 12 
years of age have not yet been established. 


Adverse Reactions: PRIMAXIN is generally well tolerated. Many of the 
1,723 patients treated in clinical trials were severely ill and had multiple 
background diseases and physiological impairments, making it difficult 
to determine causal relationship of adverse experiences to therapy with 
PRIMAXIN. 


Loca! Adverse Reactions—Local adverse clinical reactions that were 
reported as possibly, probably, or definitely related to therapy with 
PRIMAXIN were: phlebitis/thrombophlebitis (3.1%), pain at the injection 
site (0.7%), erythema at the injection site (0.4%), vein induration 
(0.2%), infused vein infection (0.1%). 


Systemic Adverse Reactions—The most frequently reported systemia, 
adverse Clinical reactions that were reported as possibly, probably, or def- 
initely related to PRIMAXIN were: nausea (2.0%), diarrhea (1.8%), vom- 
iting (1.5%), rash (0.9%), fever (0.5%), hypotension (0.4%), seizures 
(0.4%) (see PRECAUTIONS), dizziness (0.3%), pruritus (0.3%), urti- 
caria (0.2%), somnolence (0.2%). 


Additional adverse systemic clinical reactions reported as possibly, prob- 
ably, or definitely drug related occurring in less than 0.2% of the patients 
are listed within each body system in order of decreasing severity: Gas- 
trointestinal— pseudomembranous colitis (see WARNINGS), hemor- 
rhagic colitis, gastroenteritis, abdominal pain, glossitis, tongue papillar 
hypertrophy, heartburn, pharyngeal pain, increased salivation, CNS— 
encephalopathy, confusion, myoclonus, paresthesia, vertigo, headache; 
Special Senses—transient hearing loss in patients with impaired hearing, 
tinnitus; Respiratory—chest discomfort, dyspnea, hyperventilation, 
thoracic spine pain; Cardiovascular—palpitations, tachycardia; Rena/— 
oliguria/anuria, polyuria; Skin—erythema multiforme, facial edema, 
flushing, cyanosis, hyperhidrosis, skin texture changes, candidiasis, 
pruritus vulvae; Body as a Whole—polyarthralgia, asthenia/weakness¥ 


Adverse Laboratory Changes: Adverse laboratory changes without 
regard to drug relationship that were reported during clinical trials were: 
Hepatic—increased SGPT, SGOT, alkaline phosphatase, bilirubin, and 
LDH: Hemic—increased eosinophils, positive Coombs Test, decreased 
WBC and neutrophils, increased WBC, increased platelets, decreased 
platelets, decreased hemoglobin and hematocrit, increased monocytes, 
abnormal prothrombin time, increased lymphocytes, increased baso- 
phils; Electrolytes—decreased serum sodium, increased potassium, 
increased chloride: Rena/—increased BUN, creatinine; Urinalysis—pres- 
ence of urine protein, urine red blood cells, urine white blood cells, urine 
casts. urine bilirubin, and urine urobilinogen. 


NOTE: Due to the high antimicrobial activity of PRIMAXIN, itis recom- 
mended that the maximum total daily dosage not exceed 50 mg/kg/day 
or 4.0 g/day, whichever is lower. 


How Supplied: PRIMAXIN is supplied as a sterile powder mixture in vials 
and infusion bottles containing imipenem anhydrous and cilastatin 
sodium as follows: 250 mg imipenem equivalent and 250 mg cilastatin 
equivalent; 500 mg imipenem equivalent and 500 mg cilastatin equivagnt. 


Caution: The suspension from vials is not for direct infusion. 


For more detailed information, consult your MSD 
Representative or see Prescribing Information. 


Merck Sharp & Dohme, Division of Merck & Co., INC., MERCK 
West Point, PA 19486 J6PR12(400) SHAR 
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Papers Read Before the 6th Annual Meeting of the 


Surgical Infection Society, Chicago, 
April 21-22, 1986—Part II 





Sepsis Score and Acute-Phase Protein 


Response as Predictors of Outcome in 


Septic Surgical Patients 


Lorenzo Dommioni, MD; Renzo Dionigi, MD, FACS; Marco Zanello, MD; Roberto Monico, MD; Riccarda Cremaschi, MD; 
Roberto Dionwi, MD; Andrea Ballabio, MD; Margherita Massa; Mario Comelli; Paolo Dal Ri, MD; Paolo Pisati 


è In aseries cf 135 patients with severe surgical infections, 
we determined the sepsis score and the plasma level of the 
acute-pnase proteins a-l-acid glycoprotein, a,-antitrypsin, 
complement factor B, and C3. The initial sepsis score was a 
strong ceterminant of survival: in survivors it was significantly 
lower than imnonsurvivors. Only 8% of patients with a sepsis 
score above 20 survived. At the onset of severe sepsis, the 
plasma leveB cf all four acute-phase proteins were signifi- 
cantly lower in nonsurvivors. A significant elevation of C3a 
levels in the plasma of both surviving and nonsurviving 
patients indicated marked consumption of complement com- 
ponents in al patients with severe sepsis. A linear equation 
was developed to predict survival: sepsis index of survival 
(SIS) %=1214 0.26 (complement factor B) + 0.36 (a-1-acid gly- 
coprotein) — 6 (sepsis score). Based on our analysis, at the on- 
set of severe:sepsis, an SIS of 50% or more can correctly pre- 
dict 88% of survivors and an SIS less than 50% can correctly 
predict 36% cf nonsurvivors several days in advance of clinical 
outcome. 

(Arch Surg 1987 ;122:141-146) 


T recent rears, several methods have been developed to 
assess tae clinical status of severely septic surgical 
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patients.’* These methods can be used to quantify precisely 
the severity of sepsis,’” to monitor sequentially the course 
of septic illness,* to match septic patient populations in 
controlled clinical studies,’ and to predict the clinical out- 
come of sepsis.* The methods for the assessment of the 
septic state are especially useful in surgical intensive care 
units (ICUs). In fact, in critically ill patients it is often 
difficult to quantify the overall severity of sepsis and to 
discriminate its finest variations during the clinical course. 
Clinical studies accurately assessing the pathophysiologic 
alterations that occur in patients with different grades of 
sepsis are lacking; there is also a limited understanding 
about the efficacy of some currently used drugs (eg, 
plasma, albumin, and antibiotics) and new therapeutic 
modalities (eg, artificial ventilation techniques and special 
formula diets) due to the lack of methods to identify patient 
populations with a well-defined severity of infection. Diffi- 
culties are also encountered in assessing the prognosis of 
septic patients in critical conditions. When the clinical 
status is greatly compromised and the laboratory variables 
are markedly altered, even the experienced clinician often 
cannot reliably tell when the sepsis has progressed beyond 
the point of curability. The method recently described by 
Elebute and Stoner’ for the grading of sepsis, based on the 
determination of clinical and laboratory data, has raised 
interest, and it has been confirmed that this method can be 
used to monitor the clinical course of surgical infections 
with reasonable accuracy.* Other methods to quantify the 
severity of sepsis have been recently proposed, based on the 
marked increase of the plasma levels of acute-phase pro- 
teins (APPs) in response to tissue damage and infection. It 


Sepsis Score—Dominioni etal 141 


- Deme m 
b r a ef mF ay Pee SS s 
. ae tet i 


Sl 





is well known that many complement factors behave as 
acute-phase reactants**; the increase of complement com- 
ponents in the plasma of septic patients is of particular 
interest, considering that complement may also be mark- 
edly activated during infectious episodes.® In fact, it has 
been recently indicated that the high plasma levels of some 
complement factorsand of other APPs are associated witha 
higher survival rate in sepsis.*’ The present study was 
carried out to assess the value of the sepsis score method 
and of the determination of the plasma level of selected 
APPs to predict the outcome of a heterogeneous population 
of severely septic surgical patients. 


PATIENTS AND METHODS 
Patients 


One hundred thirty-five patients (43 women and 92 men; mean 
[+SD] age, 54+17 years) were admitted to four surgical ICUs at 
the Universities of Pavia and Bologna, Italy, between October 1982 
and October 1985, for treatment of severe infections developed 
during the postoperative period or as a consequence of accidental 
trauma. The heterogeneity of the patient population was evident 
by the main underlying diseases noted in this group (Table 1). 
Chronic health evaluation was not included in this study because 
many patients presented with emergency conditions and often 
were uncooperative or unconscious. At ICU admission, the organ/ 
system alterations present in each patient were documented by 
extensive monitoring of hematologic, biochemical, and cardiepul- 
monary indexes. Clinically suspect infections were investigated by 
culturing biologic fluids (pus, peritoneal/pleural exudate, urine, 
sputum, and blood) te isolate causative organisms and by radio- 
graphic examinations, whenever applicable. All patients were 
seriously ill by current criteria, showing evidence of multiple (or 
widespread) infections; the vast majority of patients had two or 
more infection foci. All infections were separately recorded as 
follows: 


No. of 

Patients 
Peritonitis 87 
Pneumonia 84 
Wound infection r O 
Urinary tract infection 57 
Abscess 40 
Septicemia 33 
Mediastinitis 4 
Total 368 


Patients were aecepted into this study on the day when they were 
classified as being severely septic based on criteria previously 
described in detail.” The mean (+SEM) time interval between 
surgery or accidental trauma and the diagnosis of severe sepsis 
requiring ICU treatment was 5+6 days. Multimodal treatment of 
the septic conditions was promptly instituted, consisting of surgi- 
cal drainage of recognized infection foci, antibiotic administration, 
and supportive treatment that included, as needed (1) drugs 
(steroids, dopamine hydrochloride-dobutamine hydrochloride, 
and insulin), (2) artifieial organ/system support (mechanical ven- 
tilation and dialysis), (3) administration of fluids (approximately 
3 L/d), electrolytes, albumin, plasma, and whole blood to maintain 
fluid balance and hematocrit (Table 2), (4) total parenteral nutri- 
tion (approximately 35 keal/kg/d (147 kJ/kg/d); nonprotein energy 
intake, approximately 110 calories (462 J) per gram of nitrogen 
[Table 3]) with intravenous administration of hypertonic glucose, 
lipids, and amino acics, or enteral nutrition with a high-protein 
diet. The quantity of therapeutic interventions was assessed by 
using the therapeutic mtervention scoring system (TISS) of Cullen 
et al.’ 
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Table 1.—Underlying Diseases in 135 Severely Septic 
' Patients 











All 
Survivors Nonsurvivors Patients 
(n=59) (n=76) (n= 135) 






i 3 7 10 
3 5 8 
i 3 4 7 
4 5 9 











Extrasplanchnic vascular 
disease 


Intestinal obstruction 






Table 2.—Mean (+ SD) Fluid Intake and Nutritional Support* 










Survivors Nonsurvivors 

(n=35) (n=50) 
Fluid intake, mL/d 2930 + 1039 3102+776 
Albumin, g/d 11+6 13+7 
Plasma, mL/d 116+82 128+93 
Whole blood, mL/d 397 +125 412+ 148 
Energy intake, 

koal/kg/d (kJ/kg/d) 35+13 (147+55) 32+11 (134+46) 

Norprotein energy intake, 





kzal (kJ)/g of nitrogen 115 (483) 
*Differences not statistically significant. 


107 (449) 





Grading of Sepsis 


On the day when the diagnosis of severe sepsis was first made, in 
each patient we determined the initial sepsis score according to a 
modifation’ of the method described by Elebute and Stoner.' This 
method grades the severity of sepsis by giving a score of 0 to 6 to 
each o° the attributes of sepsis under four headings: (1) local effects 
of tissue infection (wound infection, peritonitis, chest infection, 
and deep-seated infection), (2) pyrexia (oral temperature), (3) 
seconcary effects of sepsis (hepatic malfunction, renal failure, 
metabolic acidosis, disturbance of consciousness, and bleeding 
diathesis), and (4) laboratory data (blood culture, leukocyte count, 
hemoglobin level, platelet count, plasma albumin level, and bili- 
rubin evel). This method was modified to include the score due to 
the presence of tube drainage, urinary tract infection, and differ- 
ent leukocyte counts.* The method yields a final number (sepsis 
score) that is the sum of the numerical gradings of the various 
attributes of infection. 

The sepsis score was reassessed sequentially at five- to ten-day 
intervals, and a final determination was obtained when the patient 
was discharged from the ICU as improved or ante mortem. Pa- 
tients discharged from the ICU were followed up during subse- 
quent hospitalization to document the final outcome. 


APP Determination 


In & patients, the plasma levels of the following APPs were 
measured by nephelometry at the onset of severe sepsis (initial 
determination) and at discharge from ICU as improved or ante 
mortem (final determination): a-l-acid glycoprotein (A1AGP), 
a,-antitrypsin (A1AT), and complement factor B (FB), and C3. In 
the last 21 patients enrolled in this study, we also determined the 
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Fig 1.—Percent mortality as related to initial sepsis score. Numbers 
in parenthesesindicate numbers of patients with any given grade of 
sepsis score. 





plasma level of the complement split product C3a (Human Comple- 
ment C8a Radioimmunoassay Kit, Upjohn Diagnostics, Kalama- 
zoo, Mich) as an imdex of the activation of the complement system. 


Data Analysis 


Patients were retrospectively separated into two groups, 
namely, survivors:and nonsurvivors. Twenty healthy adultsserved 
as control subjects for the determination of the panel of APPs and 
C3a. Mean values-were compared between groups by the Student t 
test. Computer-based, stepwise regression analysis was per- 
formed tə identify among five variables (sepsis score, AlAGP, 
A1AT, FB, C3) those most predictive of the outcome of sepsis. A 
general linear interactive modeling (GLIM) package was used to 
obtain a linear eeuation predictive of survival incorporating the 
most predictive variables previously identified by regression anal- 
ysis. 


RESULTS 
Clinical Results 


Of the 135 patients in this study, 59 patients (44%) 
survived and were discharged from the ICU 17+5 days 
(mean+SD) fram the onset of severe sepsis; however, 76 
patients (56%) died of complications 11+18 days after 
entering the study. The fatal complications were as follows: 


Incidence, % 


Septic shoc« 50 
Multiple organ failure 30 
Renal failure 8 
Respiratory failure 8 
Miscellaneous 4 


Survivors and nonsurvivors showed no significant differ- 
ences in the distribution of underlying diseases (Table 1), 
age (50 + 20 vs 58 + 14 years), time interval between surgery 
or accidental trauma and onset of severe sepsis in the ICU 
(5+7 vs 5+6 days), supportive treatment (Table 2), and 
TISS score (20 =8 vs 22+6 points). 


Sepsis Score 


In the 135 patients, we diagnosed a total of 368 infections. 
The initial score of the 135 patients, determined on the day 
when the patients were first classified as being severely 
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Sepsis Score 


Initial 


Determination 





Fig 2.—nitial and final sepsis scores of survivors (open circles, 
n= 35) and nonsurvivors (solid circles, n= 50). 


Table 3.—Mean (+ SD) Initial and Final Sepsis Scores in 
85 Severely Septic Surgical Patients 


Nonsurvivors 
(n=50) 


Survivors 
(n=35) 


Sepsis score 
Initial 
Final 





septic, ranged from 10 to 36. The number of patients 
presenting with sepsis scores over this range was deter- 
mined (Fig 1). Only a few patients (12%) had an initia! sepsis 
score of less than 16; this finding indicates that when a 
patient in our series was first classified as being severely 
septic by the criteria previously outlined,” the septic proc- 
esses usually had already progressed to a degree yielding a 
high sepsis score. 

Mortality was related to the initial sepsis score in a 
nonlinear fashion. No mortality was observed in patients 
with a sepsis score of 13 or less (Fig 1). Within the sepsis 
score range from 14 to 20, mortality progressively increased 
to approximately 30%. A brisk increase of mortality was 
recorded with sepsis scores greater than 20, all of which 
were associated with a mortality greater than 70%. The 
value of sepsis score critical for survival seems to be 20; in 
fact, only 8% of all patients with a sepsis score greater than 
20 survived. Remarkably, mortality was 100% in the eight 
patients presenting with a sepsis score of 30 or more. The 
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Survivors (n=35) 
131 +32 (1.3+0.3) 














Table 4.—Initial Determinations of Plasma Levels of Acute-Phase Proteins* 
Plasma Levels, mg/dL (g/L) 


Nonsurvivors (n=50) 
82+32 (0.8+0.3) 


A1AT 309+81 (3.1+0.8) 250+80 (2.5+0.8) 
FB 42+16 (0.4+0.2) 24+10 (0.2+0.1) 
C3 106+43 (1.1+0.4) 72+28 (0.7 +0.3) 





(Survivors vs 
Nonsurvivors) 





Control Subjects (n = 20) 
40+7 (0.4+0.1) 















149+32 (1.5+0.3) <.01 
31+7 (0.3+0.1) -01 
112+22 (1.1+0.2) 






*Values are expressed as the mean + SD. A1AGP indicates a-1-acid glycoprotein; AAT, a,-antitrypsin; and FB, complement factor B. 


mean (+ SD) value of initial sepsis score of survivors was 
significantly lower than that of nonsurvivors (18+3 vs 
24+4, P<.001). There were no major differences in the 
mortality rates recorded for any given grade of sepsis score 
in the four different ICUs participating in this study. The 
sepsis score of patients who subsequently died had re- 
mained high during the course of ICU treatment, whereas 
in survivors it had decreased progressively, paralleling the 
favorable clinical course. The differences between initial 
and final sepsis scores in survivors and nonsurvivors (Fig 2) 
were evaluated statistically (Table 3) for the 85 patients in 
whom the analysis of the APP response was also carried 
out. 


APP Response 


In the group of 85 patients in whom we measured the APP 
plasma levels, 35 patients (41%) survived and were dis- 
charged from the ICU 18+ 16 days trom the onset of severe 
sepsis, whereas 50 patients (59%) died of the complications 
of sepsis 10 + 11 days after entering the study. These results 
are similar to those of the total series of 135 patients 
reported earlier in this article. The initial determinations of 
the APP plasma levels were recorded (Table 4). Survivors 
had significantly higher levels of AIAGP (P<.001), AIAT 
(P<.01), FB (P<.001) and C3 (P<.001) compared with non- 


- survivors. These data indicate that at the onset of severe 


sepsis, patients with a fatal prognosis have a depressed 
acute-phase response of plasma proteins. In survivors, all 
APPs, except C3, had a marked acute-phase increase as 
compared with control subjects, whereas in nonsurvivors 
the complement components FB and C3 were significantly 
lower than in control subjects (FB: 24+10 vs 31+7 mg/dL 
{0.2+0.1 vs 0.8+0.1 g/L], P<.0l C3: 72+28 vs 112+ 
22 mg/dL [0.7+0.3 vs 1.1+0.2 g/L], P<.001) (Table 4). 
The possibility that the latter finding is related to an en- 
haneed complement consumption in nonsurvivors was in- 
vestigated by determining the plasma level of C3a. The C3a 
plasma levels were greatly increased in all septic patients, 
with nonsurvivors presenting slightly higher levels 
(472+ 200 ng/mL) that were not significantly different from 
those of survivors (327+157 ng/mL) (control subjects: 
108+43 ng/mL). Thus, complement activation, occurring 
both in survivors and nonsurvivors, is not totally responsi- 
ble for the depressed levels of FB and C3 in nonsurvivors. 
The final determinations of APP plasma levels were re- 
corded (Table 5); the ALAGP and AIAT levels were similar 
for survivors and nonsurvivors, whereas FB and C3 levels 
were significantly lower (P<.001) in nonsurvivors. 
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Prediction of Survival From Sensis 


Clear-cut differences of initial sepsis score and APP 
levels were retrospectively found between patients with 
favorable and fatal prognoses (Tables 3 and 4); thus, these 
variables were used to develop a mathematical equation to 
assess the probability of survival from severe surgical 
sepsis. Stepwise regression analysis showed that the most 
important predictive variables were (in decreasing order of 
importance) sepsis score, AlAGP, and FB. These three 
variables were analyzed in all patients using a GLIM 
package to obtain a linear predictive model with three 
variables. The following linear equation was obtained: 
sepsis index of survival (SIS) %=121+0.26(FB)+0.36 
(A1AGP) — 6(sepsis score), where S/S is the percent proba- 
bility of survival from sepsis, FB is the absolute value of the 
FB plasma level, and A1AGP is the absolute value of the 
A1AGP plasma level (both values measured in milligrams 
per deciliter). To validate the accuracy of this predictive 
linear equation model in individual patients, the SIS values 
of 85 patients were calculated and plotted (Fig 3). The 
values of patients who survived, when compared with the 
values of those who died, clustered at opposite levels in the 
SIS scale (Fig 3). If it is arbitrarily assumed that an SIS of 
50% or more predicts survival, and conversely that an SIS of 
less than 50% predicts fatal outcome, the outcome of sepsis 
would be correctly predicted in 74 (87%) of 85 patients. In 
our series of 85 patients, the sensitivity of an SIS of 50% or 
more in predicting survival is 88% (31/35) and the specificity 
is 86% (43/50). 


COMMENT 


When severe septic complications have occurred after 
surgery or accidental trauma, to our knowledge, no ac- 
cepted methods to predict the final outcome are available. 
Due to the complexity of their pathophysiologic alterations, 
severely septic ICU patients are usually classified aspe- 
cifically as critically ill.° The evaluation of chronic health 
status, which has been used by others as an index of 
outcome in ICU patients,” was not feasible in many pa- 
tients in this study because they were uncooperative or 
unconscious. Age and the time interval between surgery or 
trauma and the onset of severe sepsis did not correlate with 
survival. Pine et al” showed that in patients with intra- 
abdominal infections, the outcome can be predicted by 
discriminant analysis of preoperative data. However, there 
are no methods that can be applied in the ICU to predict the 


final outcome of individual patients with heterogeneous * 


types of severe surgical infections resulting from a variety 
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Table 5.—Final Determinations of Plasma Levels of Acute- 
Phase Proteins* 


Plasma Levels, mg/dL (g/L) 


Nonsurvivors 
(n=50) P 


Survivors 
(n=35) 














AIAGP 129+35 (1.3+0.3) 99+41 (1.0+0.4) NS 
A1AT 2449+68 (2.5+0.7)  338+89 (3.4+0.9) NS 
FB 49+16 (0.5+0.2) 27+14 (0.3+0.1)  <.001 
C3 1148+40 (1.2+0.4) 77+33 (0.8+0.3)  <.001 





*Values are expressed as the mean + SD. A1AGP indicates a-1-acid 
glycoprotein; A1AT, a,-antitrypsin; FB, complement factor B; and NS, not 
significant. 
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Fig 3.—Sepsisindex of survival (SIS) for 35 survivors (open circles) 
and 50 nensurvivors (solid circles). Interrupted line is drawn at 50% 
level, which separates patients with fatal prognostic index 
(SIS <50%) from patients with favorable prognostic index 
(SIS =50%). 


of operations or trauma. Stevens’ and Elebute and Stoner’ 
described two similar methods for scoring the overall 
severity of surgical infections, based on the grading of the 
clinical and Eboratory variables of organ/system function. 
In the first part of this study, we reported that mortality 
was positively correlated in a nonlinear fashion to the sepsis 
score measured at the onset of severe sepsis (Fig 1). With 
sepsis scores greater than 20, mortality increases sharply: 
only 8% of al patients with a sepsis score greater than 20 
survived. These findings indicate that the pathologic altera- 
tions intervening with a sepsis score greater than 20 are 
incompatible with prolonged survival in the vast majority of 
patients. Despite some minor differences that may have 
occurred in the therapy of sepsis, all four ICUs participat- 
ing in this stady reported that 20 is the level of sepsis score 
critical for survival with currently used treatment modal- 
ities, which supports the original finding of Elebute and 


* Stoner. Based on the retrospective recording of mortality 


in our series of 135 patients, one can estimate the mortality 
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risk of a heterogeneous population of severely septic pa- 
tients by determining the initial sepsis score; the value of 


that curve to assess the risk of mortality obviously needs to 
be confirmed by a prospective multicentric study (Fig 1). 
There are also some biochemical variables that correlate 
with survival or death from sepsis; among these variables 
we previously found that the plasma level of FB was related 
to subsequent survival.” We therefore described a method 
for predicting survival of severely septic patients, based on 
the combined determination of the sepsis score and FB 
plasma level.’ That method to predict survival was found to 
be highly specific (100%) but low in sensitivity (59%); 
therefore, we tried to increase its sensitivity by considering 
other biologic indicators of sepsis that would help to dis- 
criminate survivors from nonsurvivors. In the present 
study, we considered three other plasma proteins, namely, 
A1AGP, A1AT, and C3, that, like FB, are known to be acute- 
phase reactants. We found that at the onset of sepsis, the 
plasma levels of all four APPs were significantly lower in 
patients who subsequently died; we recently reperted 
similar findings in a homogeneous series of patients with 
peritonitis.” In the present study, the impaired acute- 
phase response of plasma proteins of nonsurvivors, com- 
pared with that of survivors, could not be attributed to 
differences in therapeutic interventions; because of their 
critical conditions, all patients were given maximum avail- 
able supportive treatment that was similar for the two 
groups (Table 2). It has been repeatedly postulated that the 
increase of APPs is a response mechanism beneficial for 
survival; a defective production of APPs following surgi- 
cal sepsis would indicate an inadequate host response.” The 
results of this study do not provide evidence that the APP 
increase actually is a cofactor responsible for enhanced 
survival; however, the association between marked APP 
response and survival is suggestive and needs further 
investigation. It is tempting to speculate that the APPs 
exert important functions; however, the biologic roles of 
A1AGP and A1AT are largely unknown.”” The important 
biologie functions of the complement components FB and 
C3, which also behave as acute-phase reactants, have been 
extensively described.” Complement components are 
acutely consumed during infection, as the very high C3a 
plasma levels in all our severely septic patients indicate; itis 
likely that the lower plasma levels of FB and C3 in nonsur- 
vivors were due to impaired acute-phase synthesis, as in the 
case of ALAGP and A1AT (Table 4). The results of this study 
suggest that for patients with a variety of multiple, severe 
infections who undergo currently accepted treatment mo- 
dalities, survival depends on the overall severity of sepsis 
(sepsis score) and the adequacy of host responses (as 
indicated by the APP response). 

We developed a linear equation predictive of survival 
using the three most important determinants of survival 
among the five variables that we studied, namely, sepsis 
score, ALAGP, and FB (in decreasing order of importance). 
The equation allows one to calculate the SIS, whieh ex- 
presses the percent probability of an individual patient to 
survive. Three basic assumptions must be made in using our 
predictive linear equation: (1) The predictive model applies 
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only to surgical or trauma patients with a sepsis score of 10 
or more. (2) The initial sepsis score and APP determina- 
tions to be used in the equation should be made timely, ie, 
when the patient is first classified as being severely septic 
according to previously described criteria.’ (3) Therapy is 
correctly instituted according to currently used surgical 
and medical modalities to treat severe infections. The 
clinical and laboratory data necessary to calculate the SIS 
can be easily obtained within 24 hours from the diagnosis of 
severe sepsis. Survival or death could be correctly pre- 
dicted in 87% of individual patients, several days in advance 
of the actual outcome, using an SIS of 50% or more to 
predict survival and an SIS of less than 50% to predict 
death. The SIS has reasonably high sensitivity (88%) and 
specificity (86%), and one of its advantages is that it can be 
applied to the general population of severely septic surgical 
or trauma patients regardless of the heterogeneity of 
underlying diseases. The predictive power of the SIS is very 
strong at the extremes of the possible values of SIS (ie, 
around 100% and 0%), whereas the likelihood that an SIS of 
about 50% is associated with the actual outcome is much less 
(Fig 3); the failure of discriminant scores in predicting 
outcome of individual patients in the midportion of their 
range of values has previously been pointed out by Pine 
et al.” 

Several prognostic indexes have been proposed to predict 
the outcome of critically ill patients,*”” and in prelimi- 
nary studies we have observed that they correlate with the 
SIS (L.D. and R.M., unpublished data, April 1986). How- 
ever, some of those indexes only apply to trauma patients”; 
furthermore, it has been pointed out that some of them, like 
the APACHE,” are not simple to obtain™ and cannot be 


used if the assessment of chronic health status is unavail- 
able, as often is the case after trauma. It must be empha- 
sized that the APACHE,” TISS,’ and SAPS” indexes can 
define only the percent risk of groups of patients with 
similar scores; unlike the SIS, they cannot be used to 
predict accurately whether a single individual will survive 
or die. A mathematical model to predict the outcome of 
individual ICU patients has been described by Snyder et 
al” based on selected neurologic, cardiovascular, and respi- 
ratory conditions observed at admission; however, the pre- 
dictive accuracy of that model for individuals has not been 
exactly defined. 

There are some potential applications of the SIS specifi- 
cally for clinical research and management of severely 
septic surgical patients. The general applications include 
the use of SIS for (1) improving inter-ICU comparison of 
septic patient treatment and management and (2) planning 
and developing ICU therapy. As for individual septic pa- 
tient management, the SIS can be used (1) to evaluate 
individual patient care, (2) to assist in discussing chances of 
survival with the ICU team or family, and, in special 
cireumstances, such as with scarce availability of ICU beds, 
(8) to assist in deciding which patients will most benefit 
from prolonged treatment. However, we do not recommend 
the generalized use of the SIS as an indication for cessation 
or eontinuation of therapy; in fact, it would have lead to the 
wrong decision in 13% of the patients in this series. As a 
result, we do not advise that treatment be stopped in 
patients with fatal SIS, even if this index were 100% 


accurate. We believe that such patients deserve very special _ 


care and further investigation to reverse their unfavorable 
clinical course. 
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_ Ketoconazole Prevents Candida Sepsis in 


Critically Ill Surgical Patients 


Gus J. Stotman, MD, Kenneth W. Burchard, MD 


è We conducted a prospective, randomized, double-blind, 
placebo-controlied study to determine whether or not ketocon- 
azole could prevent yeast colonization or invasion in critically 
ill adult surgical patients. Fifty-seven patients in a surgical 
intensive care unit (SICU) with three or more clinical risk 
factors for Candida infection were randomized to receive 
ketoconazole, 200 mg via the gastrointestinal tract daily (27 
patients), or placebo (30 patients). Patients with hepatic dys- 
function were excluded. The study was continued for 21 days 
or until one week after discharge from the SICU, whichever was 
longer. Stool cultures were obtained every three days and 
other cultures as indicated clinically. Patients were observed 
for yeast colonization (sputum, urine, stool, or wound) and 
invasion (fungemia or deep tissue focus). The incidence of 
Candida colonization was significantly lower in the ketocon- 
azole group than the placebo group. Invasive yeast sepsis 
developed in five (17%) of the placebo-treated patients and in 
no patient in the ketoconazole group, a significant difference. 
Length of stay in the SICU was significantly lower in the 
ketoconazole group, as were the basic SICU patient charges. 
Sixty percent of the patients with invasive fungal sepsis 
died. 

(Arch Surg 1987;122:147-151) 


pig. sepsis has become a major cause of morbidity 
and mortality among critically ill surgical patients. 
Although infectious and mortality risk factors,*** portals of 
entry,’** and treatment regimens’*® for disseminated Can- 
dida sepsis are well known, effective prophylaxis against 
colonization and invasion by micotic organisms has net been 
established. Stone et al' reported decreased stool coloniza- 
tion witn Candida albicans and reduced Candida sepsis 
with oral nystatin in burned patients. However, nystatin 
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prophylaxis has been ineffective in other clinical situa- 
tions.®” Retrospective evaluations of patients with dissemi- 
nated yeast sepsis have included many such failures.” 
In patients at risk for yeast infections, the results of 
prophylactic clinical trials using miconazole”” and oral” or 
systemic“ amphotericin B have been inconsistent. Preven- 
tive measures for adult surgical patients who are at high 
risk for Candida invasion’** have not been evaluated. 

Ketoconazole is an imidazole-based oral antifungal com- 
pound that has been effective in the treatment of many 
fungal infestations.”“ This drug is absorbed systemically 
after a single oral dose, achieving peak blood levels at two 
hours, with therapeutic blood concentrations sustained for 
many hours.” These pharmacologic characteristics sug- 
gested that ketoconazole might be effective in the prophy- 
laxis of Candida colonization and invasion in critically ill 
surgical patients. Therefore, the present prospective, ran- 
domized, double-blind, placebo-controlled study was un- 
dertaken to determine whether or not ketoconazole could 
prevent colonization with yeast species and invasive yeast 
sepsis in critically ill surgical patients. 


PATIENTS AND METHODS 


All patients entered into the study were adults admitted into the 
surgical intensive care unit (SICU) of Rhode Island Hospital, 
Providence, with three or more of the following clinical factors: (1) 
age greater than 40 years; (2) second- and third-degree burns 
covering greater than 30% of body surface area; (3) systemic 
antibiotics taken for longer than seven days; (4) treatment with 
three or more different antibiotics; (5) severe systemic sepsis 
unresponsive to appropriate antibiotic therapy; (6) diabetes melli- 
tus; (7) administration of exogenous steroids for longer than one 
week; (8) acute intrinsic renal failure; (9) administration of immu- 
nosuppressive drugs or cancer chemotherapy; (10) advanced car- 
cinoma; (11) total parenteral nutrition; (12) multiple organ system 
trauma involving three or more organs; (13) serum glucose level 
greater than 200 mg/dL (11.1 mmol/L); (14) intra-abdominal ab- 
scess; (15) peritonitis; and (16) severe head injury. Pregnant 
patients and those with known sensitivity to ketoconazole or any of 
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the imidazole derivatives were excluded. Patients with a previous 
or current history of hepatitis, hepatic cirrhosis, or acute hepatic 
failure were excluded also, because of the rare occurrence of 
symptomatic hepatic reactions to ketoconazole, ®2 

After informed consent was obtained, patients meeting the 
entry criteria for this study were randomized to receive either 
ketoconazole, 200 mg daily via the gastrointestinal tract, or a 
matching placebo for 21 days or until discharge from the SICU, 
whichever was longer. Routine SICU care and monitoring were 
carried out. Serum levels of bilirubin, alkaline phosphatase, lactate 
dehydrogenase, and aspartate aminotransferase were obtained 
prior to entry into the study, and as clinically indicated or at weekly 
intervals thereafter. 

Culture specimens for fungal organisms were obtained from the 
vagina, stool, and oral cavity prior to study entry, and stool cul- 
tures were performed twice weekly thereafter. Additional blood, 
urine, sputum, or other cultures were obtained as clinically indi- 
cated. Randomized patients who were found subsequently to have 
been colonized with fungi within 24 hours of entry into the study 
were considered precelonized and were excluded retrospectively. 
Yeast colonization was defined as a positive culture obtained from 
the sputum, urine, stool, or an open wound. Invasive yeast sepsis 
was defined as a positive fungal culture from the peritoneum,*” 
blood, a deep tissue focus, or invasive burn wound infection.®”4 

Serum ketoconazole levels were measured in 28 patients (19 
treated with ketoconazole and nine given placebo), Blood was 
colleeted in pyrogen-free polypropylene tubes and allowed to clot. 
Ketoconazole levels were then measured using high-performance 
liquid chromatography. 

This protocol was approved by the Committee on the Protection 
of Human Subjects of Rhode Island Hospital. 

Statistical analysis was performed with the x? distribution® and 
the extension of the median test” where appropriate. 


RESULTS 


Seventy-four patients were entered into the study be- 
tween October 1982 and July 1985. Seventeen patients were 
found to be precolonized with yeast. Therefore, 57 patients 
without Candida precolonization were evaluated: 27 in the 
ketoconazcle group and 30 in the placebo group. Clinical 
entry criteria were equally distributed between the two 
treatment groups (Table 1). Acute renal failure, age greater 
than 40 years, extended use of antibiotics, and hyper- 
glycemia were the most common clinical factors in each 
group. Median age was 65 years among ketoconazole- 
treated patients and 59 years in the placebo group. 

A total of 106 operations were performed on the 57 


patients in this study. The surgical procedures for ketocon- 


azole- and placebo-treated patients are listed in Table 2. 
Gastrointestinal or intra-abdominal operations, peripheral 
vascular procedures, and thoracic, orthopedic, and neu- 
rosurgical operations were most frequently performed. 
Other operations included major head and neck resections, 
surgery for maxillofacial trauma, other major plastic recon- 
structions, excision of major thermal burns, and emergency 


_ soft-tissue extremity procedures. The frequency of all 


operations was equal in both study groups. 
_ Microbielogie results are summarized in Table 3. The 
incidence of colonization with yeast species was signifi- 


cantly lower among ketoconazole-treated patients than in 


the placebo group (eight of 27 vs 18 of 30; P<.05). Dissemi- 
nated Candida invasion did not occur with ketoconazole but 
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Table 1.—Clinical Criteria for Entry* 


Group, No. of Patients 






Criterion 
Acute renal failure 


Ketoconazole Placebo 


añ 
=à 
N 


Age >40 y 20 23 
2nd and 3rd-degree burns 1 2 
Antibiotics =7 d 7 8 
=3 antibiotics 8 8 
Gram-negative sepsis 1 0 
Acute peritonitis 1 1 
Intre-abdominal abscess 3 1 
Diabetes mellitus 2 2 


Carver 
Parenteral nutrition 
Multiple organ system trauma 


Serum glucose >200 mg/dL 
(>11.1 mmol/L) 


Severe head injury 
Steroids 


*Eaca patient had to meet at least three criteria. 
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Table 2.—Operations Performed 
Group, No. of Patients 


Ketoconazole Placebo 


Type of Operation 
Gastrointestinal/intra-abdominal 


Urciogic sepsis 
Other 
Nome 


developed in five (17%) of the 30 placebo-treated patients, a 
significant difference (P<.01). Colonized ketoconazole- 
treated patients first developed positive Candida cultures 
on study day 4.5 (median), compared with a median of ten 
days for the placebo group. The yeast species cultured and 


the incidence of concomitant nonfungal bacteremia were a 


similar for the ketoconazole and placebo groups. Plasma 
ketoconazole levels above the detectable limit of 10 ng/mL 
were present more frequently in colonized patients re- 
ceiving the active drug than in noncolonized patients (five of 
six vs four of 13; P<.05). Ketoconazole plasma concentra- 
tions exceeded the therapeutic minimum of 1 mg/L in only 
one ef 19 ketoconazole-treated patients whose blood was 
analyzed. 

Characteristics of patients who developed disseminated 
yeast sepsis are detailed in Table 4. These patients ranged 
in age from 32 to 82 years and developed invasive fungal 
sepsi between study days 2 and 20. Intraperitoneal fungal 
sepsi occurred in three patients. One patient developed a 
pleural empyema with Torulopsis glabrata, and invasive 
burn-wound infection with C albicans was present in an- ~ 
other patient. 
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Table 3.—Yeast Microbiologic Findings 


Group 














Ketoconazole Placebo 


Yeast cowonizaton, No. (%) 8/27 (30)* 18/30 (60) 
Yeast invasien, No: (%) 0/20 (0)* 5/30 (17) 
Day of colonization (median) 4.5 10.0 


Yeasts culturec Ne. 


Canda albrcaus 6 12 
Candida tropicaiis 3 4 
Candida pazpsilosis 0 4 
Torulepsis gabata 1 6 


> 
© 


Nonfungal baczeremia, No. 


*P<.05 vs placeno. 


Overal morzality for the study was 32%. Mortalities for 
the ketoeonazole (26%) and placebo (37%) groups were not 
significantly cifferent. Clinical factors previously associ- 
ated witt increased mortality during Candida sepsis (gas- 
trointest-nal traet surgery, prolonged antibiotic usage, age 
>55 years, and concomitant bacteremia) were not signifi- 
cantly related tc increased mortality in the present study 
(Table 5s. Mertality was similar also for colonized and 
noncolonized patients. Among colonized placebo-treated 
patients, however, age greater than 55 years was associated 
with significantly increased mortality compared with 
younger patients (50% vs 0%; P<.05). No other clinical 
factors were associated with increased mortality In any 
subgroup. One c four colonized patients with concomitant 
nonfungal bacteremia died. Mortality for patients with 
yeast invasion was 60%. Median SICU stay was signifi- 
cantly lower in the ketoconazole group than in the piacebo 
group (6.0 vs 12.5 days; P<.01), as was median SICU 
patient charge, based on per diem bed charges ($4800 vs 
$10 000; P<.1). 


COMMENT 


The results of the present study indicate that ketocon- 
azole significantly reduces colonization of critically ill surgi- 
cal patients by yeast. In addition, invasive Candida sepsis, 
with its atterdant high mortality, was prevented in patients 
treated orophylactically with ketoconazole. Although bene- 
ficial anzifungalprophylactic effects have been attributed to 
nystatir,’* amphotericin B, and miconazole,” these agents 
frequently have failed to prevent disseminated Candida 
sepsis in critically ill surgical patients.” Although 30% of 
the patsents reeeiving ketoconazole in the present study 
became colorized with yeast, none developed invasive sep- 
sis. This was accomplished without hepatic toxic effects™” 
in a climical population at risk for liver dysfunction. Our 
review ef the literature indicates that effective prophylaxis 
against yeas: colonization and prevention of disseminated 
Candida sepsis in severely ill adult general surgical pa- 
tients has no: been demonstrated previously and is asignifi- 
cant finding of this study. 

The effect.of ketoconazole on mortality in this study was 
not clearly cefined. The mortalities for ketoconazole- and 
placebe-treated patients were similar, as they were for 
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Table 5.—Mortality Risk Factors 


Clinical Factor Mortality, % 


Treatment 


Table 4.—Invasive Yeast Sepsis in Placebo-Treated Patients 





























Ketoconazole 26 

Placebo 37 
Gastrointestinal tract surgery 

Yes 41 

No 26 
Antibiotic treatment, d 

27 20 

<7 37 
No. of antibiotics 

=3 44 

<3 37 
Age, y 

=55 38 

<55 24 
Yeast colonization 

Yes 27 

No 35 
Concomitant bacteremia 


Yes 


No 
Colonized, placebo treated: age, y 


=55 


<55 


*P<,.05 vs absence of factor. 


colonized patients in each treatment group, possibly reflect- 
ing the severity and multifactoral nature of the underlying 
disease states. Clinical factors previously associated with 
increased mortality in fungemic patients,*° such as gastroin- 
testinal tract surgery, prolonged antibiotic use, multiple 
antibiotics, advanced age, and concomitant bacteremia, 
were not related to mortality in the present study. However, 
compared with younger individuals, mortality for colonized 
placebo-treated patients greater than 55 years of age was 
significantly increased. Among ketoconazole-treated pa- 
tients, advanced age was not associated with mortality. 
Finally, 60% of patients with disseminated Candida sepsis 
in this study died, suggesting increased mortality risk with 
yeast invasion. Thus, although ketoconazole did not affect 
overall survival, it may reduce mortality in selective sub- 
groups. 

Median SICU stay for ketoconazole-treated patients in 
this study was six days, a significant reduction compared 
with the median stay of 12.5 days in the placebo group. Since 
the clinical characteristics of the two study groups were 
nearly identical, except for randomized administration of 
the study drug and significant differences in the ineidence 


of yeast colonization and invasive sepsis, this finding sug- - 


gests that ketoconazole may have beneficial short-term 
effects on recovery from critical illness. Shortened SICU 
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stay in the present study translated into significantly 
reduced median basie SICU patient charges. 

The effectiveness of ketoconazole in preventing Candida 
colonization and dissemination may be related to its phar- 
maeokinetic properties. In normal individuals, after admin- 
istration of 200 mg of ketoconazole orally, peak plasma 
levels exceeding 5 mg/L are obtained within two hours and 
may persist for up to 12 hours.” Ketoconazole is metabolized 
in the liver and excreted in the bile, about 20% being 
unchanged active drug. Thus, oral ketoconazole provides 
antifungal activity systemically, as well as within the gas- 
trointestinal tract. Keteconazole may be more effective 
than intravenous miconazole systemically, in that the he- 
patic rate of metabolism of ketoconazole is five to ten times 
lower than that of miconazole.”’” Enteral nystatin is not 
absorbed systemically and may prevent yeast overgrowth of 
the gut when administered soon after hospitalization.” 
However, this therapy may not be useful after gastroin- 
testinal tract surgery or after prolonged hospitalization 
predisposing to fungal colonization in multiple sites. The 
results of this study indicate that ketoconazole is effective 
prophylactically in these clinical situations. 

Measurable plasma concentrations of ketoconazole in the 
active group of this study were present within six hours of 
drug administration in only 32% of patients tested. Among 
patients with measurable plasma ketoconazole, only one 
had drug levels exceeding 1 mg/L. Minimum inhibitory 
concentrations for ketoconazole against yeast and various 
other fungi have been reported to be as high as 80 mg/L.” 
Thus, the clinical effectiveness of ketoconazole in the ab- 
sence of therapeutie blood drug levels in the present study 
appears paradoxic. However, the results are consistent 





with the known synergism between ketoconazole and poly- 
morphonuclear leukocytes and macrophages” against 
fungi. Furthermore, the biologic activity of ketoconazole 
against Candida species in vivo may be influenced by 
changes in pH. Minagawa and co-workers” reported mini- 
mum inhibitory concentrations of ketoconazole against 
C aloicans clinical isolates ranging from 40 mg/L at a pH of 
3 to 0.02 mg/L at a pH of 7, suggesting augmented effect- 
iveness of this drug at physiologic pH. The findings of pre- 
vious studies indicating ketoconazole to be more active 
in vivo than in vitro” are thus confirmed in the present 
study. The 200 mg/d dose administered here, however, may 
not be optimal, since the effectiveness of therapy of sys- 
temie mycoses appears to be dose related.” Clinical trials 
comparing 200 mg/d of ketoconazole with higher doses are 
indicated to determine whether or not the incidence of yeast 
colonization can be reduced further. 

This randomized, double-blind, placebo-controlled, clin- 
ical trial demonstrated that enteral ketoconazole, in a daily 
dose of 200 mg, significantly reduced yeast colonization and 
prevented disseminated Candida sepsis in critically ill 
surgical patients at risk. Length of stay and patient charges 
in the SICU were reduced for critically ill patients receiving 
ketoconazole, with or without yeast colonization. These 
results were achieved without hepatic toxic effects. We 
recommend that ketoconazole be administered prophylac- 
tically via the gastrointestinal tract to patients at risk for 
Candida colonization and dissemination. 


This study was supported by a grant from Janssen Pharmaceutica, New 
Brunswick, NJ. 


Ketoconazole labels were measured by R. Woestenborghs, Department of _ 


Drug Metabolism and Pharmaceutics, Janssen Pharmaceutica, Beerse, 
Belgium. 
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Discussion 


Wiutam F. McManus, MD, San Antonio, Tex: The authors are 
to be complimented “or their attempt to define the role of gastroin- 
testinal tract prephylaxis in the prevention of yeast infections in 
the critically ill surgical patient. 

My first concern is one of precise definitions. I would suggest 
that the authorsare discussing yeast, not true fungal colonization 
or infection. In addition, the term burn wound sepsis is a specific 
term denoting recovery of the same organism from the burn wound 
and the blood in = patient with signs of sepsis, whereas burn wound 
infection implies the identification of an organism in viable tissue 
subjacent or adjacent to the burn wound. 

I have several questions. First, in your patient with burn wound 
sepsis, how was hediagnosis established? Second, considering the 
length of this stady, from October 1982 through July 1985, did the 
authors identif> any clustering during this prolonged period? 
Third, were in {itre sensitivity tests performed on the isolates? If 
so, were the iselates sensitive to ketoconazole? Fourth, did the 
authors identify any difference in the site of colonization in patients 
receiving ketoconazole, especially in oral vs rectal colonization 
sites? 

Joun M. A. Bounen, MD, Toronto: Three of your cases of 
invasive infectien were infections of the peritoneum. Was this just 
colonization of ver toneal drainage fluid, or can you convince us 
that this was a serous invasive infection? 

Dr Tim Prue-t, at the most recent ICAAC meeting, presented 
his findings that patients with persistent abdominal sepsis had 
Candida species as the most common organism in the drainage 
fluid. Althougk he recommended treatment with amphotericin B, 
the final conclusion was that this did not really change the local 
outcome ef pertonitis. 

Joun C. MaRsEaLL, MD, Montreal: We have been looking at 
specifically gastrie and jejunal gut flora in critically ill patients, 
and cultures are Fielding significant numbers of Candida orga- 
nisms in the proximal gastrointestinal tract in 70% to 80% of our 
patients. I worder if you have any data on this. Do these patients 
have Candida organisms in their stomach or jejunum? We are 
finding that of en these will be the only sites where cultures can 
yield Candida srganisms, and we are speculating that the proximal 
gastrointestinal tract may be an important reservoir in this patient 
group. 

Murray J. Girorr1, MD, Toronto: We have been running a 
similar trial a- the Toronto General Hospital. We have not con- 
cluded our triæ, but we have entered almost 100 patients tc date. I 
think that our results will be equivocal. I think this is because we 
are dealing wih such a desperately ill group of patients. We have 
been recording very high APS and TISS scores of these patients. 

My questions “or Dr Slotman really deal with problems of 
methodology. Tirst, in administering ketoconazole as a tablet, the 
kinetics of its absorption require an acid environment for it to be 
maximally effective. Were the authors using some form of acid in 
which to dissdlve the tablet and to administer it? What was the 
proximity wit respect to the use of antacids or any other gastroin- 
testinal tract herapy that may potentially alter the environment 
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for absorption of the ketoconazole? 

Second, the method of diagnosing the colonization is a concern. 
We have been doing regular surveillance cultures and found a very 
high incidence of colonization, although we do not know whether 
this incidence will be significant. Would Dr Slotman comment on 
the use of regular surveillance cultures, including the TPN wound 
sites, and on the value of regular, as opposed to clinically sus- 
pected, areas of colonization. 

Last, we are still having the same problems controlling the type 
of therapy administered to these patients during the trial, and that 
is why we have recorded their TISS scores. Because they are in our 
units so long, they incur a number of reoperations or therapeutic 
endeavors, which change the patients. We really end up with a 
patient 21 days into the study who is not the same as when entered 
into the trial. Does Dr Slotman have any comments on this issue in 
addition to what he shows with respect to the types of operations 
done in these patients? 

Dr SLormMaAn: Dr McManus, the term probably is invasive burn 
wound infection, in that the patient with burn wound sepsis did not 
have a positive blood culture. We really did not have a group 
clustering of patients. They were more or less evenly spread out as 
far as invasive sepsis was concerned. We generally will have a 
patient or two in our 17-bed unit at any given time who may be 
colonized with fungi, but there was nothing to indicate that we 
were having a cluster in the invasive group. 

We did not do in vitro susceptibility testing on any of our clinical 
isolates, and there were no differences between groups as to the 
sites of fungal colonization. 

Dr Bohnen, all of our peritoneal cultures were done at the time of 
emergeney surgery for defined intraperitoneal infection. They 
were not from drain sites. 

Dr Marshall, we have not prospectively surveyed the flora of our 
patients in the SICU as far as the upper gastrointestinal tract 
flora, but, as you stated, it has been recently well shown that one of 
the most common isolates in, for example, perforated duodenal 
ulcers is Candida. 

Dr Girotti, I suspect that you will find, when you have finished 
your study, which sounds like it is going very well, that the 
differences will not be so much in mortality, since the nature of 
these patients’ illnesses is multifactorial; however, you may find 
some differences in the incidence of colonization and infection that 
are similar to ours. 

We always give our enteral ketoconazole in an acid environment, 
either in the stomach at least one to two hours after the last dose of 
antacids or into a jejunostomy tube mixed with dilute acid so that it 
can be dissolved and absorbed. 

We have not routinely cultured TPN wound sites, so I have no 
data on that. It is true that these patients have a change in their 
condition as time goes on, and often the very sick patient does not 
end up the same as in the beginning of the study, but as far as I can 
tell, that has not had any tremendous effect on the incidence of 
colonization or invasive burn wound sepsis. 
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’ Reducing Wound Infections 


Improved Gown and Drape Barrier Performance 


Joseph A. Moylan, MD; Kevin T. Fitzpatrick, PA; Kevan E. Davenport, PA 


e A 21-month study involving 2181 clean and clean-contami- 
nated general surgical procedures was performed to evaluate 
the effectiveness of a commercially available disposable gown 
and drape system vs a cotton system in reducing wound 
infection. The series in which the disposable spun-laced fiber 
system was used had a significantly lower overall infection 
rate (2.83% vs 6.5%) as well as better rates in clean (1.8% vs 
3.8%) and clean-contaminated (4.8% vs 11.4%) procedures. 
This effect was independent of all other factors. The odds of 
developing a wound infection was 2⁄2 times higher with a 
cotton system than with a disposable system. Actual cost 
analysis from three types of hospitals showed lower costs with 
utilization of disposable gown and drape systems. Hospital 
charges were significantly higher for those patients develop- 
ing wound infections. The results of this study demonstrated 
not only significant reduction in wound infection rates but also 
major cost savings when a disposable gown and drape system 
was used in the operating room. 

(Arch Surg 1987 ;122:152-157) 


M factors have been described as being important in 
reducing wound infection rates during major sur- 
gery. These include the use of prophylactic antibiotics, 
preoperative nutritional support, topical skin antiseptic 
agents used for surgical hand scrub, and patient prepara- 
tion. In recent time, concern over gown and drape barrier 
performanee has become a key issue among surgeons. Since 
Beck and Collette in 1952 demonstrated that the wicking 
effect of cotton gown and drapes allows bacteria to migrate 
into the wound from unprepared patient areas and the 
surgical team, there has been concern over adequate gown 
and drape karrier performance. Historically, surgeons have 


used multiple layers of cloth materials to increase the 


thickness of this barrier between sterile and unsterile 
surfaces. 

Recently, the availability of disposable materials has 
created a new era of research to define the optimal surgical 


barrier. Laboratory bench testing of both single-use and 
~ reusable materials has shown a wide variance in perform- 


ance characteristics from immediate penetration of bacteria 
and liquid when evaluating 140-thread-count muslin cotton 


_ material to total impermeability with plastic-coated single- 


use substances.’ As disposable or single-use gowns and 
drapes became widely available, there was initial enthusi- 
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asm for these products. However, material stiffness and 
durability were not optimal. As newer manufacturing tech- 
niques were developed to improve these materials, accept- 
ance by surgeons has become more universal. The newer 
products are strong and comfortable to wear, conform well 
to body shapes, and hold towel clips. The key remaining 
issues are the effectiveness of these disposable or single-use 
gown and drape systems in reducing wound infections and 
their costs. The purpose of this study was to evaluate a 
commonly used disposable gown and drape material made of 
spun-bounded fibers in reducing wound infections; to define 
risk factors for developing infection when either a dispos- 
able gown and drape system or a reinforced cotton gown and 
drape system is used; and to address the costs involved in 
using these systems. 


MATERIALS AND METHODS 


All clean or clean-contaminated general surgical procedures 
performed by the Green Surgical Service at Duke University 
Medical Center, Durham, NC, as well as all similar procedures 
performed at the Durham Veterans Administration Hospital, pro- 
vided the basis of the study. All operations were performed by the 
Same group of senior faculty and residents in the same operating 
rooms in each hospital. A single gown and drape system of either a 
spun-laced fabric or 280-thread-count cotton were utilized for 
alternate six-week periods. Six-week segments were selected 
since the surgical teams were assembled for a three-month period, 
and thus an equal distribution of time for each system per team was 
employed. All consecutive clean and clean-contaminated cases in 
which the wound was primarily closed were included in this study. 
The infection rate, using the National Research Council’s definition 
of an infected wound, was calculated by an independent observer 
who was not part of the surgical team. Wounds that were opened 
and packed because of infection were considered infected wounds. 
Wounds healing per primum were classified as uninfected. 

A logistic model with postoperative infection as a dependent 
variable was tested to calculate the infection rate associated with 
the cotton (reusable) or the spun-laced fabric (single-use or 
disposable) system. In an effort to control for confounding factors 
and to adjust for a possible interaction between effects of other 
terms, a step-down model was fitted. The initial model consisted of 
Seven main effects: the disposable vs the reusable material, the 
wound category and type (ie, clean and clean-contaminated), the 
two hospitals, length of surgery, sex, age, and presurgical anti- 
biotie use. There were 21 two-way interactions involving these 
effects. These factors were selected for evaluation on the basis of 
prior published studies.’ 


RESULTS 


During a 21-month period there were 2181 clean and clean- 
contaminated procedures, of which 1401 were clean and 780 
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Table 1.—Types of Operations 































Type No. (%) 
Inguinal aernia 433 (19.853) 
Peripheral vascular 308 (14.122) 
Hepatob: iary 288 (13.205) 
Vascularaccess 212 (9.720) 
Minor precedure/biopsy 192 (8.803) 
Amputaton 151 (6.923) 
Large bowe! 120 (5.502) 
Gastroesophageal 115 (5.273) 
Thyroid/sarathyroid 86 (3.943) 
Carotid 80 (3.668) 
Ventral/abdeminal hernia 70 (3.210) 
Breast 53 (2.430) 
Other 41 (1.880) 
Exploratorytaparotomy 20 (0.917) 
Small bewe 12 (0.550) 
Total 2181 (100.000) 





were clean-ccntaminated. A cotton gown and drape system 
was employec for 1121 cases and a spun-laced fabric system 
for 1060 cases. Sixty-two percent (1353) of the procedures 
were performed at the Durham Veterans Administration 
Hospital, and 31% (828) were performed at the Duke 
University Eospital. Of the operations, 518 (24%) were 
performed on female patients and 1663 (76%) were per- 
formed on male patients. Age of patients ranged from the 
first decade b the ninth decade, with patients in the fourth, 
fifth, and sixth decades involved in 72% of the total opera- 
tions. Fifty-ene percent (1098) were less than 60 years old 
and 49% (1083) were over 60 years of age. Of the operations, 
811 (37%) were less than 90 minutes in length and 1370 (63%) 
required 90 minutes or longer. 

Table 1 shews the types and numbers of general surgical 
procedures performed. Inguinal hernias followed by vascu- 
lar and hepatobiliary surgeries were the most common 
procedures. The overall infection rate for the total series 
was 7.72% (10372181), with the infection rate for clean pro- 
cedures being 2.78% (39/1401) and that for clean-contami- 
nated procecures, 8.21% (64/780). The infection rate for the 
cotton gown and drape system was 6.51% (73/1121) and for 
the spun-laced fabric system, 2.83% (30/1060) (P =.0001). 
The disposablesystem was found to reduce significantly the 
rate of wound infections in both clean and clean-contami- 
nated eases independent of all other variables (1.8% for 
disposable vs 3.8% for cotton in clean procedures; 4.8% for 
disposable vs 1.4% for cotton in clean-contaminated proce- 
dures; P=.001). The final model consisted of five main 
effects: disposable vs reusable use, wound category, length 
of operation. sex, and antibiotics. Overall infection rates for 
the two hospitals were not statistically different (4.51% vs 
5.07%). There were no age differences between the two 
groups. 

Surgical procedures lasting 90 minutes or more had an 
infection rete of 5.84%, while shorter procedures had 
infection rates of 2.74% (P=.001). The infection rate was 
2.08% (22/1060) for patients not receiving preoperative 
antibiotics end 7.23% (81/1121) for those who who dic receive 
them; however, there was no statistical difference in anti- 
biotic usage between the cotton and spun-laced fiber 
groups. Prephylactic antibiotic administration was used in 
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No. (%) 
—— ET I———————————VO 
Type No Infection Infection Total 
Vascular access 211 (99.53) 1 (0.47) 212 (100.00) 


Exploratory laparotomy 19 (95.00) 1 (5.00) 20 (100.00) 







Thyroid/parathyroid 84 (97.67) 2 (2.33) 86 (100.00) 
Carotid 79 (98.75) 1 (1.25) 80 (100.00) 
Minor procedure/biopsy 188 (97.92) 4 (2.08) 192 (100.00) 


Ventral’ 
bdominal hernia 65 (92.86) 5 (7.14) 70 (100.00) 


Inguinal hernia 427 (98.61) 6 (1.39) 433 (100.00) 











a 


48.6% in the cotton group and for 48.58% in the spun-laced 
fiber group. There was no difference in case distribution by 
wound elassification (ie, clean and clean-contaminated) for 
the two materials (for cotton, 64.05% were clean and 35.95% 
were clean-contaminated; for spun-laced fiber, 64.43% were 
clean and 35.57% were clean-contaminated). Infection rates 
by sex were no different (female, 4.8%; male, 4.7%). 

Total infection rates for individual procedures are shown 
in Table 2. The spun-laced fiber system had a lower infection 
rate in every subgroup (Table 3). There were some differ- 
ences in the number of individual procedures by cotton and 
spun-laced subgroups (Table 4), but when evaluated by 
regression techniques these were not statistically signifi- 
cant. 

A step-down model involving main effects was used, and 
main effects could not become eligible for elimination until 
all interactions involving them had first been eliminated. 
No interactions involving the spun-laced effect and the 
other main effects were significant, that is, no confounding 
of the barrier effect by other factors was found. The odds 
ratio of developing a wound infection was calculated for each 
material by raising the naperian constant e to the power of 





the spun-laced coefficient (Table 5). The odds ratio of e for 


the spun-laced group (0.412) was significantly less than 1. 
Conversely, calculating the risk of wound infection with 
cotton by raising e to the negative of the coefficient, or the 
inverse of 0.412, gave a value of 2.427. Thus, the risk of 
developing a wound infection was 2⁄2 times higher when 
cotton gown and drapes were used than when a disposable 
system was used. 

As the length of the operation increased, the risk of 
developing a wound infection increased for both clean and 
clean-contaminated cases (Table 6). Significant changes 
occurred with each hourly interval. Cost analysis calculated 
for three types of hospitals is shown in Table 7. An actual 
review of 12-month expenses was used for the cotton gown 
and drape costs. Replacement costs to carry out similar 
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Table 2.—Infection Rates by Type of Operation Se 


Peripheral vascular 289 (93.83) 19 (6.17) 308 (100.00) i 












No. of 
Procedures 





Procedure Type 











Table 4.—Use Rates of Disposable and Reusable Materials 


No. (%) 
n 
Procedure Type Disposable Reusable Total 


Peripheral vascular 181 (58.77) 127 (41.23) 308 (100.00) 


-33) 
-25) 
Mimor procedure 
biopsy 79 (41.15) 113 (58.85) 192 (100.00) 
Ventral/ 
abdominal hernia 28 (40.00) 42 (60.00) 70 (100.00) 


Inguinal hernia 234 (54.04) 199 (45.96) 433 (100.00) 


Other 29 (70.73) 12 (29.27) 41 (100.00) 


Breast 27 (50.94) 26 (49.06) 53 (100.00) 
Gastroesophageal 64 (55.65) 51 (44.35) 115 (100.00) 


Hepatobiliary 138 (47.92) 150 (52.08) 288 (100.00) 
Small bowel 9 (75.00) 3 (25.00) 12 (100.00) 
Large bowel 63 (52.50) 57 (47.50) 120 (100.00) 


Amputation 73 (48.34) 78 (51.66) 151 (100.00) 


numbers and types of procedures with disposable gowns 
and drapes were determined. Various cost factors used by 
each institution are included in the financial calculations. 

Other cost items under the cotton gown and drape section 
were primarily dispesable supplies used by these institu- 
tions prior to conversion to single-use systems. Indirect 
laundry costs are shewn for the community hospital under 
disposable gown and drape costs since this hospital was 
required to maintain the laundry operation even though it 
was not processing sterile supplies for the operating room. 
Costs per procedure were calculated for each type of mate- 
rial by dividing the annual costs by the number of cases per 
annum. 

Table 8 shows data retrieved by review of the financial 
records of matched cohorts of patients with various types of 
operations. Patients were selected for review of their 
charges based on type of operation, age, similar medical 
conditions, and the presence or absence of a wound infec- 
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Table 3.—Infection Rates With Disposable and Reusable Materials 
Disposable 


SD, 


Reusable 
aur 
No. of Infection 
Procedures Rate, % 


Infection 
Rate, % 


o 


.0 
6 
6 
6 
4 
8 
4 
2 


5 


Table 5.—Odds Ratios and Confidence Intervals of 
Final Model 


Material 
Aaaa‘ 


Disposable 


B — 0.8867 0.8867 


0.2290 0.2280 


SE (B) 


P .0001 .0001 
2.43 


Odds ratio 0.41 
0.26-0.64 


95% confidence interval 1.55-3.80 


Table 6.—Odds Ratio Risk of Infection by 
Wound Category and Duration of Operation 


Risk 
ee———---———————_— 


Clean Clean-Contaminated 


Duration of Operation,h § Operations* Operations* 


*P< 0001 for all time intervals. 


tion. The diagnosis related group (DRG) reimbursements 
and ranges for wound infections, when provided, are shown 
in the table. 


COMMENT 


While there are many unknown factors related to the 
actual means by which bacteria are transmitted from a non- 
sterile surface to the wound, many aspects of intraoperative 
sterility have been identified. These include effective face 
masks that prevent nasal and intraoral bacteria from enter- 
ing the operating room environment, the use of surgical 
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Cost, $ 
nn eee ey 
Community University Metropolitan 
Hospital Hospital Hospital 










Cotton Gowns and Drapes 
234 400 150 120 


154 100 142 000 











Laundry costs- 73 162 


Direct 



























Indirect — 80300 8120 
Handling casts 94 100 126 896t 4550 
Purchase osts 23 000 239 320 6913 
Other costs 17 200 14 062 52 038 
Cost’procedure 28.14 48.56 18.63 
Disposable Gowns and Drapes 
Laundry costs 80 300 0 





Divect 
Indirect 0 
Handling cests 7500 0 


Purchase costs 243 400 332 273 112 283 
Other costs 6500 0 0 
Total 


337 700 332 273 112 283 
Costyproceeure 25.78 30.41 15.30 


*Based on atua! 12-month expenses for cotton gowns and drapes. 
tIncludes total internal handling of two departments ($113 119 and $13 777). 






0 
0 
0 
0 










Table 8.—Actual Patient Charges for 
General Surgical Procedures 





Total 











DRG Reim- Length 
bursement, Wound of Charge, 
Operation Type $* infection Stay, d $ 












Cholecysteetomy 5100-7600 Yes 


Colectomy 












18 
18 


10 809 
10 901 













Abdominal! aortic 15000 Yes 

anguryam No 9 9422 
Appendectomy 2700-4000 Yes 20 9180 
No 


*DRG indicates diagnosis related group. 


gloves that are free of defects and are resistant to puncture, 
and surgica. soaps for both the operating room team’s 
presurgical scrub and preparation of the wound site. Gown 
and drape has always been considered the most important 
aspect of the barrier between nonsterile areas and the 
wound tself Beck and Collette’ in 1952 showed gown and 
drape wetness, particularly the wicking effect of bacteria 
through a wet gown, to be an important source of wound 
contam naticn. However, even dry cotton materials allow 
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direct penetration of bacteria into the wound by mechanical 
force, especially at the sleeve and abdominal areas of 
gowns.‘ Thus, the concept of reinforcing these high-risk 
areas, by use of either more tightly woven cotton materials 
or multiple layers, was developed. Attempts to improve the 
water repellency of reusable gowns and drapes by impreg- 
nating them with water-repellent agents have been limited 
since these agents are removed by as few as 50 washings. 

Researchers have been concerned about the construction 
or density of materials used for scrub suits. Bernard and 
associates? found that serial air samples taken during an 
operation showed significant contamination when the oper- 
ating team wore loosely woven cloth scrub suits vs scrub 
suits made from tightly woven cotton. In addition, no 
staphylococci were cultured from the air samples in 35 
instances when tightly woven gowns were worn. This orga- 
nism was present in 11 of 35 air culture sets when loosely 
woven surgical scrub suits were worn. This study indicated 
that the surgical team could be one potential source of 
contamination. British workers culturing external gown 
surfaces and air samples found that bacteria penetrated 
gowns during as many as 30% of operations.° Although this 
was not correlated to the actual wound infection rate, these 
investigators demonstrated that placing an impermeable 
apron on the front of the gown reduced external contamina- 
tion. 

Alford et al’ tested subjects attired in gowns, fitted shoe 
covers, masks, and gloves, simulating surgical activity in an 
operating room, to determine performance differences be- 
tween commercially available gowns by culturing external 
surfaces. They demonstrated that fewer bacteria pene- 
trated the disposable gowns than the reinforced cotton 
gowns. In an attempt to define whether bacteria actually 
penetrated gowns during operations, a study using cultures 
taken from under an impermeable patch’ demonstrated that 
the bacteria actually penetrated through dry cloth mate- 
rials to the external surface of the gown in the sleeve and 
abdominal areas. These bacteria were a source of wound 
contamination and infection. Similar studies by Sehwartz 
and Saunders® showed that bacteria penetrated through 
muslin cloth (140-thread-count) 57% of the time and from 0% 
to 7% of instances with nonwoven and reinforced heavy 
cotton materials. 

More recent investigations were directed toward the 
effectiveness of specific materials in reducing wound infec- 
tions. A prospective study? evaluated an all-disposable 
gown and drape system vs a reusable cotton system. A 
single group of surgeons in two hospitals performed 2253 
surgical procedures involving primary wound closure over 
18 months. Using matched cases, the disposable spun- 
bonded olefin gown and drape material was associated with 
a lower infection rate than was reusable cotton material in 
relation to the total infection rate (2.27% vs 6.1%) and in 
clean surgical procedures (1.9% vs 4.2%). 

A similar large series was studied by Baldwin et al’ to 
evaluate the efficacy of disposable gowns and drapes in 
reducing wound infections during two consecutive one-year 
periods. A cotton gown and drape system was compared 
with a commercially available disposable gown and drape 
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system in which the base fabric was 40% polyester and 60% 
wood pulp. The infection rate was 1.17% of the 3122 opera- 
tions using a cotton system vs 0.43% for the 3226 operations 
in which the disposable barrier system was employed. 
However, the material used in this disposable gown and 
drape study was stiff, hot to wear, and expensive to manu- 
facture and is no longer used in disposable gowns and 
drapes. 

As results demonstrated that disposable materials had an 
impact on wound infection rates, a major aim of the non- 
woven industry was to develop a light, comfortable, heat- 
transmitting material, having the feel of cloth yet providing 
an effective barrier material. A material made of spun- 
laced fibers meets these characteristics and is used today in 
most commercially available disposable gowns and drapes. 
The present study was carried out to evaluate performance 
of this material against the 280-thread-count reinforced 
cotton reusable gown and cotton drape system. In addition 
to determining barrier effectiveness, another goal of the 
study was to define risks of developing wound infection with 
either material. The format of the study was to evaluate 
consecutive procedures performed by a single group of 
surgeons whose praetice techniques and treatment pro- 
tocols were consistent. While the ages of the patients 
ranged from early childhood to the ninth decade, almost 
three fourths of the procedures were performed on patients 
in their fourth, fifth, or sixth decades, consistent with 
general hospital surgical experiences. Sixty-three percent 
of the procedures were 90 minutes or longer, indicating that 
the bulk of the procedures were major general surgical 
procedures, such as vascular or hepatobiliary procedures. 
A step-down analytic evaluation was used so that all main 
effects could be evaluated in terms of affecting outcome. 

Factors that affeeted wound infection rate included 
length of operations. Operating procedures longer than 90 
minutes had an 8.4% infection rate, while shorter proce- 
dures of less than 90 minutes had a 2.74% infection rate. 
However, the distribution of long and short procedures was 
similar for beth types of materials. Those patients receiving 
preoperative antibiotics, ie, primarily clean-contaminated 
cases, had a higher incidence of wound infection than those 
in whom preoperative antibiotics were not indicated (7.2% 
vs 2.8%). However, the administration or absence of admin- 
istration of antibioties with both types of material was not 
statistically different and did not influence the gown and 
drape barrier factor, since the antibiotics usage was equal 
for both groups. 

The dispesable barrier system was shown to reduce 
wound infections significantly overall (2.83% vs 6.51%) as 
well as for elean cases (1.8% vs 3.8%) and clean-contami- 
nated cases (4.8% vs 11.4%). The barrier effect of the 
disposable material was independent of all other factors in 
reducing the wound infection rate in this study. The dispos- 
able gowns and drapes had favorable results on all types of 


general surgical procedures, including gastrointestinal, 


vascular, and endocrine (Table 3). Table 4 shows no signifi- 
cant differences in numbers of cases using one type of 
material within these subsets. The better results in clean 
surgery cam be ascribed to the ability of the barrier system 
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to prevent or reduce external contamination from either the 
surgical team or unprepared patient areas. The impact of 
the barrier system was also highly significant in clean- 
contaminated cases, which suggests that a synergistic or 
facilitative effect may occur between internal and external 
wound contamination in these procedures. 

It should be noted that the risk of developing a wound 
infection is 2⁄2 times higher for a cotton system than for a 
spun-laced fiber gown and drape system in similar cases. As 
the length of operation increases, the risk of infection also 
increases. In the clean cases, the initial risk was low at 
about 60 to 90 minutes but increased markedly, being al- 
most 18 times higher for the seven-hour group. In the clean- 
contaminated group, the initial risk was six times that of the 
clean cases and increased linearly to about nine times at 
seven hours. This increasing risk with time emphasizes the 
importance of barrier materials that must perform satisfac- 
torily over lengthy surgical procedures. 

Cost analysis of disposable and reusable systems in- 
cluded various factors including direct and indirect laundry 
costs, handling charges, purchase invoices, and various 
other expenses. Three typical actual cost analyses are 
shown involving a community hospital, a metropolitan 
hospital, and a university hospital. In each instance single- 
use systems were less expensive, although differences 
varied from $24 000 to $198 000 per year, depending on 
individual hospital accounting methods. Costs per proce- 
dure were higher in university hospitals because of added 
personnel requiring gowns who were part of the educational 
program. 

Actual patient charges for matched patients undergoing 
general surgical procedures are shown in Table 8. The 
development of a wound infection significantly increased 
the length of stay and the total charge. The development of a 
wound infection produced charges that significantly ex- 
ceeded DRG payments in almost every case in this series. 

The impact of the disposable system was significant in 
both reducing wound infections and affecting cost savings. 
Cost savings can be accrued by the conversion to the dis- 
posable system as well as by preventing overrun on DRG 
payments. Even if a disposable system were more expen- 
sive than a cotton system (which is highly unlikely because 
of increasing laundry labor costs), lower hospital costs from 
reduced wound infection rates would offset these expenses. 
Differences in charges for patients with and without wound 
infections ranged from $4000 to $31 000 for specific opera- 
tions. Reduction of an overall wound infection rate, asin this 
series from 6.5% with cotton to 2.8% with the disposable 
system, could result in savings of over $900 000 at the $4000 
difference per prevented case in a hospital with 8000 
operations. 
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Discussion 


Rogert E. Cenpon, MD, Milwaukee: Dr Moylan’s study has 
given us some very important information. It also has given us 
some collateral mfcrmation about the increased costs of surgical 
wound infections and about the relationship between duration of 
operation and rsk of surgical wound infection. It also demon- 
strates thet the use of cotton gowns is associated with higher 
infection and higher costs. Those two elements are the major 
thrust of the stucly. because the design was one of efficacy. 

I doubt that there is anything worse than a cotton gown that 
leaks. Nonetheless, I need to raise some caveats with Dr Meylan. 

First, it is necessarily an open study. There is no way to blind the 
difference betweema disposable and a cotton gown. The fact that it 
is an open study permits unconscious or even overt bias during the 
conduct of the study. As an example, a surgical resident who thinks 
that one gowning system is better than the other may even 
unconsciously alter surgical technique, the care with which tissue 
is handled, anc other kinds of things in ways that cannot be 
controlled. It «imply is one of those problems that tempers 
acceptance of the results. 

In addition, an attempt has been made to get away from at least 
part of the probvems with lack of blinding by using an independent 
observer. Dr Moylan, was your observer blinded as to the type of 
gown system usec in a particular patient, or was this simply an 
observer who vas not a primary component of one of the surgical 
teams? 

Now seme @mments about the efficacy issue, that is, the 
infection rates. Obviously, the patients in two classes, clean and 
clean-contaminated cases, were entered into the study, but the 
results are no reported by this stratification. Was there any 
difference between clean rates for the two major study groups and 
clean-contaminated rates for the two major study groups? 

In addition, .ome of the infection rates in the subgroups strike 
me as being particularly high. I am a little concerned about a 7% 
infection rate in clean breast operations in patients in the cotton 
gown situation I simply cannot believe that the kind of cloth used 
for the drapes and gowns can have that major an influence. 

Similarly, a£ 5% infection rate for clean thyroid cases is amatter 
of some concem and raises issues about technical factors in the 
operations as well as perhaps the influence of the drape system. 
Thus, I am not quite prepared to fully accept the thesis that the use 
of disposable zowns necessarily reduces the infection risk, al- 
though I agree that it does not increase the infection risk. 

In terms of est-effectiveness, there is no hospital in the eountry 
(of which I am aware) that keeps accurate cost accounting data. 
Hospitals assign costs arbitrarily and do not have a clear idea 
exactly how mack items cost them. Ina study such as this, which is 
directed at usiag costs as a major outcome measure, it is important 
to employ truexost-effectiveness techniques. These techniques are 
enormously expeusive and very difficult, and I do not believe that 
such cost acecunting methodology was used to derive the costs 
reported. 

If you look = the data as reported, there is a major difference in 
\ the overall casts between the two systems, and most of that 
difference der ves from costs in the university hospital, where the 
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difference was $48 per operation with cotton vs $30 with the © i ` 


disposable. A major share of that difference in costs is handling 
charges, $126 000 when the university hospital was using cotton 
compared with no attributed costs when it used a disposable. The 
attributed eosts cannot be zero. Somebody has to receive, store, 
and distribute within the hospital even those packs that are 
disposable. Therefore, I have some reservations about the cost- 
effectiveness evaluation as well. 

Finally, my preference is for the disposable gown, and I hope 
that it will be established to be better; for now, however, it remains 
my prejudice. 

RıcHaRD L. Simmons, MD, Minneapolis: I am struck by an 
increase in wound infection rate in the cotton gown study. You did 
not seem to lower the rate below what was reported by others with 
the disposable gowns. 

During most of the operations in which I participate, my front is 
dry, as are my sleeves, and therefore the leak does not seem to 
explain it. I wonder whether the cotton fibers are shed. After all, 
one of the best traditional ways of potentiating wound infection is, 
in fact, to add cotton fibers to the wound, and if they are being shed 
as they are used, this might be a major reason not to use them. 

Donap E. Fry, MD, Cleveland: I continue to be concerned 
about the apparent benefits in the clean-contaminated group of 
patients. I still happen to believe that most of those patients are 
infected by endogenous microflora, and speculation about un- 
proven synergistic activity of skin contamination leaves me a little 
less than enthusiastic about that explanation. 

I was struck by the absence of bacteriologic data presented 
between the two groups. If speculation that skin microflora might 
serve as synergistic adjuvants in the clean-contaminated cases is 
valid, I would certainly expect to see lots of staphylococci in the 
cloth drapes and very few if any staphylococci in the patients who 
had the disposable gowns. 

I wonder if Dr Moylan would share with us the bacteriologic 
findings of patients in the two groups. 

Dr Movuan: First, the observer was blinded as to which gown 
material was used on a particular patient. Second, the criterion for 
wound infection was only wounds that were opened, so there was 
no bias in relation to erythema or factors such as stitch abscesses. 
The surgeon decided that the wounds were infected and removed 
the stitches before the wound healed. 

The infection rates were percentages. If you noticed, most of 
those subsets were very small. For example, in the breast series 
that Dr Condon quoted, of 7%, there were actually only two 
infections. Our practice is to do a biopsy of the breast three to five 
days before mastectomy, and I am not sure that even this surgical 
procedure could be classified as a clean case. 

To answer the problems concerning the fiscal data, these were 
actual reviews of a total charge for hospital laundries in these 
institutions and were total invoices, so these data are very accu- 
rate. Each institution decided how it would handle its indirect costs 
and charges, and obviously the concern raised by Dr Condon about 
handling may indeed be real as far as analysis is concerned. We will 
have follow-up studies next year. 

Dr Simmons, we looked at the problem of dry gowns, which we 
reported at the American College of Surgeons Forum a few years 
ago; our data showed that even with dry cotton the bacteria 
penetrated directly through it. We used impermeable patches 
underneath which we cultured. So, dryness does not prevent 
penetration. We felt it was a mechanical phenomenon causing 
bacteria to go from scrub suits through to the gown. 

To answer the last question briefly, the synergistic effect was 
purely speculative. We have no data to support that. We are in the 
process of doing wound cultures to both predict and evaluate wound 
infections. 
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Design and Conduct of Antibiotic Trials 


A Report of the Scientific Studies Committee 


of the Surgical Infection Society 


Joseph S. Solomkin, MD; E. Patchen Dellinger, MD; Nicolas V. Christou, MD; Arthur D. Mason, Jr, MD 


e Several recent publications have identified important 
methodologic problems in the design and conduct of anti- 
microbial trials in surgery. Developed by consensus of the 
members cf the Scientific Studies Committee of the Surgical 
Infection Society, this report provides broad guidelines for the 
construction of antimicrobial trials. The central issues identi- 
fied include pretrial definition of study purpose, entry criteria, 
assignment device, and statistical analysis. These issues are 
fundamental in designing studies with an acceptable likeli- 
hood of finding differences among those antimicrobial regi- 
mens at least risk to the study subjects. The importance of 
Stratifying patients on the basis of background condition, 
disease, and severity of illness is stressed. The inclusion in a 
Study of variables that enhance the statistical power and, 
therefore, the believability of this study is stressed as an 
important means of clarifying substantial differences between 
therapies. 

(Arch Surg 1987;122:158-164) 


ao are recognized and important components of 
surgical practice. Controlled trials in colorectal, bili- 
ary, gastreduodenal, and prosthetic implant surgery, as 
well as in emergency surgery for trauma, provided clear 
answers to the value of prophylaxis in the settings stud- 
ied.** Therapeutic trials for intra-abdominal infections have 
similarly documented the need for antiaerobic and, in 
appropriate circumstances, antianaerobic therapy.” 
During the last decade, a variety of new antibiotics have 
been developed, and many have been proposed as alter- 
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natives to currently standard regimens for both prophy- 
laxis and therapy. Numerous comparative trials have been 
reported and used to support claims for equivalent efficacy 
to “standard therapy.” However, recent reviews of reported 
propiylaxis and therapeutic trials have identified impor- 
tant methodologic problems that question the published 
conchisions.*” 

It is apparent that the spectrum of available antibiotics is 
already satisfactory in many areas where new antibiotics 
are b2ing examined. There are, however, important remain- 
ing issues in surgical infections that can be addressed 
through the format of comparative clinical trials. For exam- 
ple, recently introduced cephalosporins have varying spec- 
tra of antimicrobial activity. The pathogenic potential of 
speci-ic organisms occurring in polymicrobic infections may 
be evaluated and the need for multidrug regimens defined. 
Our understanding of the therapeutic consequences of 
extensive protein-binding and prolonged dosing intervals 
are best evaluated in controlled comparative trials." Fi- 
nally, controlled prospective trials provide a tool for clarify- 
ing contributing factors to drug toxicities.” 

The present report is an attempt to provide general 
guidelines for the conduct of both prophylaxis and therapy 
studies. In particular, this report focuses attention on 
available devices to increase the power of such studies. 


ELEMENTS OF STUDY CONSTRUCTION 
Responsibilities 


The responsibility for specification of objectives, study 
design, and conduct lies with the investigator(s) under 
whose immediate direction patients are entered into the 
study In multicenter studies, these tasks should be per- 
formed by participating investigators prior to commencing 
the study. The collection, verification, and analysis of data 
are also responsibilities of the investigator. The investiga- 
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tor has a clear responsibility to verify, to analyze, and to 
publish the date for the clinical and scientific community 
indepencent cf any industrial interpretation. 


Definition of the Problem Under Study 


Because comparative trials of investigational antibiotics 
inherent y poe ethical and physical risks to the study 
subjects. sucen trials must be directed to current and 
substantial problems in clinical practice.” The appropriate 
starting point is a clear and precise description ef the 
problemis) to be addressed. This description is needed to 
define the specific clinical situation that would make a 
patient eligie for inclusion, the appropriate control and 
investigational regimens, and the appropriate assessment 
scheme. Techniques of statistical analysis can then be used 
to define the necessary size of the study sample, the need 
for single vs multiple participating centers, the assignment 
device to be used, and appropriate significance-testing 
procedures. Several excellent reviews of these issues are 
available.”* 

The importance of performing these definitional activi- 
ties before the trial is performed derives from the use of 
prospective scudies to test a clearly stated hypothesis.” If 
this hypothesis is not stated at the commencement of a 
study, but rather is developed only after the study is 
completed, then it has not been tested by the study. Such ex 
post facco hypotheses may inadvertently result from rum- 
maging through large masses of data and performing per- 
haps hundrees of statistical tests. The likelihood that such 
activities wil lead to “statistically significant” findings by 
chance 5 hign. 


Use of Known Risk Factors for an 
Adverse Outcome in Study Design 


A general approach that may be taken to develop an 
antimicrobia. study is to identify risk factors for an adverse 
outcome in the clinical situation of the proposed study. This 
approach allews selection of a study population at maximal 
risk of an adverse outcome and with the highest probability 
of demenstrating an effect of a novel therapeutic agent or 
intervention. Sufficient data exist to define such factors in 
most prophylactic and therapeutic settings. In biliary pro- 
phylaxis, forexample, patient age, choledocholithiasis, and 


- recent acute cholecystitis correlate with bacteria in the 


biliary system and increased risk of infection.*™ There is no 
evidenee thet patients without such factors benefit from 
antimicrobial prophylaxis. 

Therapeutic trials are inherently more difficult risk 
assessment preblems in that the number of variables affect- 
ing outeome may be more numerous and less easily quanti- 
fied than in drephylaxis trials. In certain clinical settings, 
such as appendicitis, a clearly defined and limited spectrum 
of disease is dresent, a standard operative approach is used, 
and failure may be objectively defined on the basis of wound 
infection, a»seess formation, or persisting sepsis.** In 
studies eneampassing more complex infections such as di- 
verticwitis, carcinomatous colon perforation, or cholangi- 
tis, the effects of antimicrobial therapy may be obscured by 
age, umderlying diseases, and type and severity of infec- 
tion.“ 
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DETERMINANTS OF RISK IN 
INTRA-ABDOMINAL INFECTIONS 


The identified risk factors for an adverse outcome from 
intra-abdominal infection fall into three categories: candi- 
tions present prior to the acute illness, characteristies of 
the local infection, and deleterious effects of infection on 
organ system function. 


Background Diseases 


Available data support the following background condi- 
tions as affecting the outcome from intra-abdominal infec- 
tion: age, malnutrition, cirrhosis, alcoholism, presence of 
an ultimately or rapidly fatal disease, and severe cardiac, 
pulmonary, or renal dysfunction.““ Definitions of these 
background conditions are as follows: 

1. Aleoholism: Consisting of a history of heavy alcohol use 
and one or more of the following: (a) multiple admissions to 
an alcohol treatment facility, (6) multiple emergency room 
visits with a recorded blood alcohol level of more than 0.2 
mg/dL (0.4 mmol/L), (c) history of alcoholic pancreatitis or 
hepatitis, (d) portal hypertension and varices, or (e) cir- 
rhosis, as confirmed at laparotomy or by biopsy findings. 

2. Malnutrition: Characterized by (a) loss of 10% of usual 
body weight within 30 days; (6) loss of 20% of usual body 
weight within six months; (c) body weight at least 20% 
below ideal body weight, as defined by the Metropolitan 
Life Insurance tables; (d) serum albumin level less than 
2.5 g/dL (25 g/L) (excluding patients with alcohol-related 
liver disease or with only one or two isolated low values, 
associated with volume changes and fluid resuscitation, 
during the perioperative period); (e) negative nitrogen 
balance for seven days;-or (f) intake of no more than 
1000 kcal/d (4200 kJ/d) for seven days. 

3. Heart disease: Defined by New York Heart Associa- 
tion as being class IV, ie, angina or similar symptoms at rest 
or during minimal exertion, eg, getting dressed or groom- 
ing. 

4. Lung disease: Characterized by chronic restrictive, 
obstructive, or vascular disease resulting in severe exercise 
restriction, ie, unable to climb stairs or perform household 
duties, or documented chronic hypoxia, hypercapnia, sec- 
ondary polycythemia, severe pulmonary hypertension 
(>40 mm Hg), or respirator dependency. 

5. Kidney disease: Undergoing long-term hemodialysis 
or peritoneal dialysis. 

6. Fatal or nonfatal diseases: Consisting of rapidly fatal 
diseases with anticipated survival of less than six months; 
ultimately fatal diseases with anticipated survival of less 
than four years; and nonmalignant, nonfatal diseases with 
anticipated survival of greater than four years. 

The effects of less severe forms of chronic diseases, such 
as hypertension and diabetes, are currently unclear.“ 


Characteristics of Local Infection That Affect Outcome 


Characteristics of infection that affect outcome are site of 
origin, timing of operative intervention, presence of diffuse 
peritonitis, infection following previous operation, the kind 
of microorganisms identified, and the type of procedure 
performed.**“** For antimicrobial trials, minimum require- 
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ments for the reporting of treated diseases should be based 
on the anatomic origin of the infection, the pathologic state 
of infection (abscess vs peritonitis), the identity of the 
organisms encountered, and the nature and timing of the 
operative interventions performed. 

Inclusion for outcome evaluation of patients who do not 
undergo operation and/or do not have bacteriologically 
confirmed infections is inappropriate. Proof of bacterial 
infeetion is often lacking in such diseases as diverticulitis 
managed without cperation or perforated duodenal ulcer, 
and such patients fare quite well with nontoxic regimens. 
Inclusion før outcome analysis of bacteriologically negative 
patients wil at best not provide usable outcome data and at 
worst will obscure important differences between thera- 
peutic regimens. 

Whether such patients provide information on the toxic 
effects of antibiotic therapy is unclear. There is a common 
perception that toxicity is related to the severity of infec- 
tion.” Since patients with bacteriologically negative tests 
and/or patients not operated on generally have less severe 
illnesses and require briefer courses of therapy, their 
inclusion fər toxicity analysis risks dilution of the true 
target group of a particular study. 

Dilution of potentially important patient groups also 
occurs when multiple sources of intra-abdominal infection 
are included in a trial. Such disease entities as acute 
cholecystitis and acute perførated duodenal ulcer in general 
respond well to conventional antimicrobial therapy.®* In- 
clusion of patients with infections harboring a polymicrobial 
flora risks oversight of important outcome information for 
patients who represent current management problems. 


Gauging the Deleterious Host Response to Infection 


Considerable effort has been expended in developing 
scoring systems to identify those systemic effects of aeute 
infection that alter outcome.*®” A well-validated severity 
scoring system that lends itself to characterizing sever- 
ity prior to any form of therapeutic intervention is the 
APACHE system.** Retrospective studies have supported 
the accuracy of this system in predicting outcome from 
intra-abdominal infection.~* An extensive prospective 
evaluation supporting the accuracy of this scoring system 
has not been reported. This system is recommended for use 
until more complete data are available. Table 1 details 
components of this system. 


SELECTION OF INVESTIGATIONAL 
AND CONTROL REGIMENS 


Potential physical injury to study subjects, a primary 
concern in the design and conduct of a trial, is primarily due 
to the direct toxicities of the study agents or to treatment 
failure due to inactivity of prescribed antibiotics. 

The toxicities of investigational agents are often not well 
known, and the manufacturers of investigational agents 
therefore have clear and substantial responsibilities to 
inform investigators of any reported toxic effects before, 
during, and after the proposed trial. The toxic effects of 
control agents are generally better known and currently 
represent a major point of evaluation vs investigational 
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agents. Investigators must be aware of the toxicities of 
agents employed and must understand and use currently 
accepted practices for enhancing therapeutic efficacy and 
limiting toxic effects.”” A corollary of this awareness is 
that potentially toxic control agents should not be used 
where less toxic and equally efficacious therapy is available. 

In the selection of both control and investigational regi- 
mens, currently accepted norms of practice should be 
stric-ly followed. These concerns specifically relate to anti- 
bacterial spectra of activity, drug dosing, dosing interval, 
route of administration, and duration of therapy. 

Th2 term accepted norms is used with recognition of 
geog~aphic variations in practice and with recognition of 
dissenting opinions regarding optimal therapy in specific 
clinical settings. Local practice is not an acceptable guide 
for a trial intended for regional or national publication 
because the goal of clinical research is to provide usable 
scien-ific information in the context of previously published 
and widely accepted trials. 

A somewhat more subtle problem is the selection of dose 
and dosing interval for both investigational and control 
arms Certain guidelines have been developed for the 
provision of antimicrobial therapy. In general, antibiotics 
are provided in such doses as to achieve maximal (peak) 
serum concentrations at least four times greater than those 
needed to inhibit the growth of the organisms being 
treated. Antibiotics are then readministered at a point 
in time when serum levels of the agent are believed 
to fall below this minimum inhibitory concentration 
(trough). 7" Depending on the significance of dose- 
related toxicity of the agent, higher levels may be sought. In 
proprylaxis studies, the presence of inhibitory levels of 
antibiotics at the time of contamination and wound closure 
is necessary for a favorable outcome.’” 

The effect of deviation from these guidelines often repre- 
sents an important contribution from a particular study. 
Deviations must be noted and the rationale for the proposed 
dosing schedule provided. If a deviation from the listed 
dosing rules is proposed with an agent that has not been 
shown effective with conventional dosing practices, an 
additional control arm may be needed to confirm efficacy of 
the study agent. Otherwise, the cause of any antimicrobial 
failures that might occur with an infrequent dosing sched- 
ule may be improperly attributed to the lack of activity of 
the study agent. 


Outcome Assessment Criteria and Reporting of Results 


Crude clinical outcome (survivors vs nonsurvivors) is 
unlikely to be affected by antibiotic therapy when broadly 
comperable agents are used. The substrate for any trial is, 
however, the clinical outcome, and information on the 
disposition of enrolled patients must be provided as a 
general framework for analyzing the reported treatment 
results. 

Clear outcome evaluation schemes that separate anti- 
microbial failure from complications produced by back- 
groun j disease must be defined in advance of the trial. Since 
such specifications, even in the best of circumstances, will 
remain somewhat arbitrary, blinding as much of the study 
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Mean blood =160 130-159 110-129 
pressure, mmHg 
Heart rate, =180 140-179 110-139 





Range of Scores in Points 





Normal 
















Oxygenatior: eae 
Pao,, mmHg >70 an 
<200 
7.50-7.59 7.33-7.49 7.25-7.32 7.15-7.24 
Serum levels 
Sodium, mEq-L =180 160-179 155-159 150-154 130-149 120-129 111-119 =110 
(mmol/L) 
Potassium, mEq/L =7 6.0-6.9 5.5-5.9 3.5-5.4 3.0-3.4 2.5-2.9 <2.5 
(mmol/L) 
Creatinine, mg/dL 23.5 2.0-3.4 1.5-1.9 0.6-1.4 + <0.6 
(mmol/L) (310) (180-300) (130-170) (50-120) (50) 
Hematocrit, % =60 50.0-59.9 46.0-49.9 30.0-45.9 20.0-29.9 ae <20 
(0.60) (0.50-0.60) (0.46-0.50) (0.30-0.50) (0.20-0.30) (0.20) 
WBC count/mm? =40000 ie 20000-39990 15000-19900 3000-14900 1000-2900 tp. <1000 
(x 109/L) (40) (20.0-39.9) (15.0-19.9) (3.0-14.9) (1.0-2.9) (1.0) 
Neurelogic poinzs: 15 minus actual | 
Glasgow Soma score 
Age points Immunocompromisec state 
0 (=44 y) Patient has received therapy suppressing resistance to infection (eg, immunosuppression; chemotherapy; 
2 (45-54 w) radiation; long-term, low-dose steroid regimen within 30 days prior to hospitalization) or recent high-dose 
3 (55-64 ) steroid therapy (>15 mg/kg for =5 d; or 
5 (55-74 ") Patient has disease sufficiently advanced to suppress resistance to infection (eg, leukemia, lymphoma, 
6 (275 y) acquired immunodeficiency syndrome, documented diffuse metastatic cancer) 





Chronic health avaluation 


prior episodes of hepatic failure/encephalopathy/coma. 


greoming. 


deperdency. 
Renal: Undergoing long-term hemodialysis or peritoneal dialysis. 


Does thespatent have a history of severe, chronic insufficiency of GI tract (hepatic), cardiovascular, renal, and/or respiratory systems? Chronic organ 
insufficeney must be evident prior to hospital admission and conform to the following criteria: 
Hepatic. Biopsy-proven cirrhosis and documented portal hypertension, episodes of past upper GI tract bleeding attributed to portal hypertension, or 


Carciovescular: New York Heart Association class IV, ie, angina or similar symptoms at rest or during minimal exertion, eg, getting dressed or 


Respiratory: Chronic restrictive, obstructive, or vascular disease resulting in severe exercise restriction, ie, unable to climb stairs or perform household 
duties or documented chronic hypoxia, hypercapnia, secondary polycythemia, severe pulmonary hypertension (>40 mm Hg) or respiratory 














*APACHE inaicaites acute physiologic and chronic health evaluation; Pao,, arterial oxygen pressure; WBC, white blood cell; and Gl, gastrointestinal. 
tlf fraction of inspired oxygen (Fio,) is 0.5 or more, then record the alveolar-arterial oxygen difference (A-apo,) ie, (Fio, x 713) — Paco, — Pao,, in which Paco, 
indicates arterial cerbon dioxide pressure; if Fio, is less than 0.5, then record only Pao,. 


as possible substantially contributes to its power. 

The crux of the problem is to separate effects of study 
agents from the effects of host characteristics, infection 
severity, and ether therapeutic interventions. This task 
becomes mcre difficult as the number of factors affecting 
outcome increases. A general approach that may be taken is 
to differentmte local response from systemic response and 
to include s2parate outcome classifications for late conse- 
quences of i Iness that are not directly related to control of 
local infection. Depending on the setting of the study and 
the questions the study is intended to answer, the in- 
vestigators may choose to expand one area (eg, late compli- 
cations such as nephrotoxicity) and collapse another (eg, 
wound complications). 

A genera! reporting scheme is shown in Table 2. Success- 
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ful therapy can be defined as control of infection within the 
abdomen by a single intervention and a single course of 
study-driven therapy. Patients dying of noninfectious back- 
ground diseases or with nosocomial infections will be con- 
sidered treatment successes if death occurs seven or more 
days after initiation of study therapy and if objective 
evidence is available showing that the initial intra-abdomi- 
nal infection had been cured. 

Patients will be considered treatment failures if a second 
intervention is required to control infection at the initial site 
due to organisms identified at the first intervention, if 
antimicrobial therapy is changed due to a lack of response or 
an adverse reaction, or if infection occurs at the local site of 
infection with the same organisms identified at the initial 
site of infection. Patients will also be considered treatment 
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Additional antibiotics prov ded because of 
Poor clinical response with susceptible organisms at 


initial site of intra~abcominal infection F 
Poor clinical response with resistant organisms at initial 
site ofintra-abdominal infection F 


Poor clinical response with undetermined organisms or 
susceptibilities at initial site of intra-abdominal 
infectien F 


Resistant organisms identified at initial site of intra- 
abdominal infection, with an initially satisfactory 


Clinical response Sa 
Adverse reactior resulting in termination of study 

therapy after a clinical response is noted gSa 
Adverse reaction resulting in termination of study 

therapy before a clinical response is noted F 


Infection (not colonization) at local site (drain sites and 
wounds are considered part of the loca! site of 

infectian) with organisms identified at the initial site of 

intra-abdominal infection 


Reinfection at initial intra-abdominal site with 
organism(s) not icentified at initial culture or with 






fungi Sa 
Other antibiotics preferred (protocol violation) N 
Infection at an extra-abdominal site with initial response 

at the intra-abdominal! site of infection S 


In the event of a patient's death during the hospitalization 
in which he or she was entered in the trialor within 30 
days of termination of study therapy, the following 
information would be provided: 

Infection status 
Initial infection present and cause of death 
(includes actively infected patients dying with 
irreversible septic shock or multisystem organ 


failure) F 
Initial infection still present but death due to other 

disease, including nosocomial infection F 
Nosocomia! nfection cause of death Se 
Nosacomial infection present but not considered 

cause of death N 


No infection present at time of death (includes 
deaths due to multiple organ failuresseven or 


mare days after study entry) Sa 
Backgreund disease involvement 
Not present N 
Contributing to death N 
As primary cause of death Se 
Present but not contributory N 


The nature and adequacy of any operative pracedures performed will be 
described. The difficult issue will be determination of the adequacy of 
the operative procedure performed. Since it is not possible to define 
“adequate operation” for all combinations of disease and host 
variables, the investigator's assessment will be strictly followed. 


*S indicates success, ie, single course of antibiotics with no adverse 
reaction; S#, single course of antibiotics with adverse reaction; F, failed; and 
N, not affecting outcome assessment. 


failures if death occurs due to irreversible septic shock or 
progressive multisystem organ failure with uncontrolled 
infection. 

While the ideal geal is 100% enrallment of eligible pa- 


~ tients, many circumstances, including patient or physician 


refusal or oversight, may oecur and limit this proportion. A 
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description of the demographics and gross outcomes for the 
excluded or omitted patients, as well as for the enrolled or 
randomized patients, enables the reader to assess the 
degree to which the study population was representative of 
all patients with the condition of interest. Without this 
information, generalization of study results must be 
guarded. 


Statistical Considerations 


The purpose of applying statistical concepts to the design 
of antibiotic trials is to determine the feasibility of the 
proposed study, to heighten the potential for finding true 
differences between control and investigational regimens, 
and to strengthen the believability of the results.” The 
primary areas of concern are preventing bias, maximizing 
the power of the study, and avoiding erroneous conclusions. 

A paramount concern is to ensure that the results of the 
study have not been biased by such factors as physicians’ or 
patients’ a priori beliefs. Removal of such bias is most 
commonly done by randomly assigning eligible patients to 
investigational or control therapy after their consent to 
participate in the trial. It is worth emphasizing that the 
randomized, prospective trial is generally regarded as the 
most powerful comparative device available. Blinding can 
be used so that during the trial neither the patient nor the 
physicians know which regimen the patient is receiving. A 
critical extension of blinding is the performance of outcome 
evaluation without knowledge of the regimen the patient 
received. Not only do these devices improve the likelihood 
of an unbiased evaluation but they also increase the be- 
lievability of the study results. 

The common element of prospective studies is the use of 
some random mechanism to assign treatments. Devices 
such as assignment by hospital number, day of admission, or 
team treating are seriously flawed in that assignment is 
known in advance to involved physicians, who may manipu- 
late the devices according to their biases regarding the 
trial. Whether this manipulation actually occurs or not is 
immaterial; the believability of the study is damaged. In 
this connection, clear specification of enrollment criteria 
prevents “escape” of eligible patients and minimizes the 
number of nonevaluable patients entered (and placed at 
risk). 

An additional goal of statistical theory is to maximize the 
likelihood of finding significant differences among thera- 
peutic regimens, ie, to increase the power of a study. Ina 
randomized, controlled trial, this goal is achieved by defin- 
ing an appropriate sample size based on anticipated out- 
come from control therapy and by building into the study 
devices that ensure, at its completion, that equivalent 
numbers of patients have been enrolled in each arm. 

A patient allocation system should be used that equally 
distributes subgroups of patients with important prog- 
nostic factors between therapeutic arms.” This process is 
commonly referred to as stratification. The efficiency of 
stratification according to a risk factor before randomiza- 
tion, as opposed to complete randomization and adjustment 
for the risk factor by postrandomization analysis, has been 
examined.”” It has been found that in small samples, 
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relying en pestrandomization stratification can lead to 
significant loss in efficiency when compared with preran- 
domization stratification. The development of appropriate 
stratification schemes is an important item for clinical 
research. 

To define the number of patients required for a study, one 
must deñne acceptable type I error, acceptable type II 
error, and the size of the difference being sought. Type I 
error rezers `o the chance one is willing to take that an 
observed difference in a study is a sampling error. Type I 
error refers te the opposite situation: how probable is it that 
the lack of okserved differences is real and not a sampling 
error? By corvention, an acceptable type I error is consid- 
ered less then 5%, while an acceptable type II error is 
usually eonsidered to be 10% or less. The rationale is that 
finding no difference is potentially less damaging to future 
patients thar finding a spurious difference. 

By reference to recent national data, a reasonable failure 
rate car be determined for control therapy of a specific 
condition.“ Using this information and providing clini- 
cally aceeptadbleranges for false-positive and false-negative 
results, an estimate can be made as to the number of 
randomized patients needed for evaluation.” The need for a 
placeboarm -o determine the exact effects of standard and 
investigational therapies will also be suggested by these 
data. 

The use ofthese considerations before a study is under- 
taken is mor= the exception than the rule and, as aconse- 
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quence, many studies are published in which the number of 
subjects is so limited that the likelihood of finding a 
significant difference, even if it exists, is quite small. The 
problem is that authors frequently conclude that the ab- 
sence ofa statistically significant difference indicates equal- 
ity between treatment regimens. This is simply not true— 
such undersized studies are interpretable only when they 
yield positive results. With negative results, it is impossible 
to distinguish drug failure from design failure. 


CONCLUSIONS 


Many issues regarding the therapy for intra-abdominal 
sepsis are currently unresolved. Appropriately designed, 
randomized, controlled trials have the potential for rapid 
resolution of many of these issues. The number and com- 
plexity of factors influencing outcome clearly make defini- 
tive trials difficult to design and to conduct. Attention to 
the design of trials and application of appropriate entry, 
randomization, and analysis techniques maximize the likeli- 
hood of definitive conclusions. Prospective definitions of 
study goals and outcome evaluation schemes are important 
in enhancing the power of the study and the likelihood of 
identifying significant and substantial differences. Simi- 
larly, aecurate definition of prognostic factors other than 
antibiotic therapy is important to allow for stratification. 


The authors gratefully acknowledge the assistance of Jonathan L. Meak- 
ins, MD, Richard L. Simmons, MD, Basil A. Pruitt, Jr, MD, and John F. 
Burke, MD. 
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Diagnosing Pulmonary Embolism Using Clinical Findings 


Vineent L. Hoellerich, MD, Robert S. Wigton, MD 


To determine the value of clinical findings in the diagnosis of pulmonary embolism, we analyzed the records 
of 82 patients from three different hospitals who underwent pulmonary arteriography to rule out pulmonary 


embolism. We recorded 92 items of clinical information, including lung ventilation-perfusion scans results, for 
each patient. Although the-diagnostic power of any single variable was marginal, an eight-item decision rule 
derived using discriminant analysis correctly predicted the ouccome of arteriography in 82% of the cases. 
When tested on a different group of 68 patients from four hospitals, the rule accurately identified patients with 
low or high likelihood of having positive arteriograms. Clinical use of such a rule could reduce the need for 
arteriography in this population and would expedite decisions about anticoagulant therapy and further 
diagnostic testing (Arch Intern Med 1986;146:1699-1704), 
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Assessing Operative Site Infection 


in Surgical Patients 


Nicolas V. Christou, MD, PhD, FRCS(C); Carl W. Nohr, MD; Jonathan L. Meakins, MD, DSc, FRCS(C) 


è We evaluated the contribution of altered host defense to 
the risk of developing an operative site infection. In part 1 of 
this study, we measured the following variables in 404 
preoperative patients: cutaneous delayed-type hypersen- 
sitivity, age, serum albumin level, contamination status at the 
time of surgery, and the duration of surgery. Patients were 
examined dally postoperatively for the presence of an oper- 
ative site infection (culture-positive drainage or infected 
tissue; overall rate, 17.3%). The above variables, plus previ- 
ously defined risk factors, were examined by logistic regres- 
sion analysis using the development of an operative site 
infection as the dependent variable. An equation to calculate 
the probability of developing a postoperative wound infection 
was thus derived. In part 2 of the study, a separate, matched 
group of 404 preoperative patients was used to test the validity 
of this predictive equation. A good fit of the model was 
obtained, with 70.3 wound infections predicted and 67 ob- 
tained (x?=0.8; not signifiant, ie, no difference between ex- 
pected and observed wound infections at all probability 
deciles). We conclude that there are three determinants of an 
operative siteinfection, host defense (delayed-type hypersen- 
sitivity), acute and chronic physiologic derangement (albumin 
and age) and bacterial contamination risk at surgery (con- 
tamination status and duration of surgery). 

(Arch Surg 1987 ;122:165-169) 


t the turn of century, the work of Pasteur, Koch, 
Metchnikoff, and Erlich laid the foundations of the 
modern theories of infectious diseases and the host defenses 
responsible for their control. With meticulous surgical 
technique and a better understanding of host defenses, 
wound infection rates have been considerably reduced in 
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the last 80 years. Further reductions in wound infection 
rates were achieved with the advent of modern anti- 
microbial agents and their correct administration. Oper- 
ative site wound infections still occur however, which 
prompted us to reexamine the determinants of an operative 
site infection. 

The National Research Council—-National Academy of 
Medicine (NRC-NAS) study' on the effects of ultraviolet 
irradiation on wound infections identified variables such as 
age, type of surgery, duration of surgery, metabclic and 
nutritional status, type of wound closure, and the length of 
the preoperative hospital stay as factors contributing to the 
risk of a wound infection. Ultraviolet irradiation was not 
protective. The most lasting contribution, universally ac- 
cepted, was the stratification of wounds according to poten- 
tial bacterial contamination: clean, clean-contaminated, 
contaminated, or dirty. A subsequent study by Cruse and 
Foord? confirmed that contamination status, age, duration 
of surgery, use of drains through the wound, and the length 
of the preoperative hospital stay were important determi- 
nants of a wound infection. 

The first attempt to apply hard statistical analysis to 
postoperative infections was made by Davidson et aL.* They 
found that bacteria in the wound, dirty procedures, age of 
the patient, duration of surgery, and the nature of the 
postoperative ward (open ward vs single rooms) were 
independently significant in the development of wound 
sepsis. 

More recently, a study by Haley et al‘ identified four 
variables that significantly increased the risk of wound 
infection: three or more diagnoses recorded in the patient's 
chart on discharge, an operation in the abdomen, an opera- 
tion lasting more than two hours, and an operation that was 
contaminated or dirty. In their discussion, they introduced 
the importance of host factors, chiefly as a result of the 
patient’s “other diagnoses”; however, none of these studies 
used objective measurements of host defense in identifying 
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Table *.—Demographic and Host Defense Variables* 


Variable Analysis 1 Analysis 2 
No. of patients 404 404 


226 (55.9) 






211 (55.1) 












































F 178 (44.1) 193 (48.9) 
Age, y (mean + SD) 60.2 + 16.8 59.8 +16.1 
Degree of surgeryt 

Overall (mean = SD) 2.7+0.9 2.7+0.9 

By degree, 

% of patients 
1 7.4 10.1 
2 29 29.2 
3 46.3 42.1 
4 16.1 17.8 
5 1.2 0.7 
Operative time, h 

(mean + SD) 5.5+1.8 5.6+1.8 
Contamination statust 

Overall (mean + SD) 2.1+0.8 2.1+0.9 

By grade. 

% of patients 
1 22.5 22.3 
2 42.6 44.3 
3 29 30.7 
4 5.9 2.7 
Serum albumin, g/dL 

(g/L) (mean+SD) 3.3+0.7 (33+7) 3.3+0.7 (33+7) 
Delayed hypersensitivity 

score, mm 







(mean + SD) 20.8+20.3 18.9+19.8 
*Analysis 1 represents the population used to generate the predictive 
equation; analysis 2, the population used to test the predictive equation. 


tSee text for explanation. 








the determinants of an operative site infection. The study of 
Haley et alt also suggested a decrease in the overall inci- 
dence of wound infections compared with the three previ- 
ously cited reports, all of which showed the same trend with 
time, ie, lower wound infection rates. Evaluation of only the 
bacterial determinant, now reasonably well controlled by 
appropriate antibiotics, lacks discrimination. As wound 
infeetion rates continue to fall, the importance of other 
“operative site” infections becomes more apparent. 

We report our analysis using objective measurements of 
host defense capability in high-risk surgical patients, plus 
variables previously identified as contributory to the risk of 
an operative site infection. The predictive equation thus 
generated demonstrates clearly the determinants of an 
operative site infection and can be useful in indentifying 
those patients at a higher risk of such infections. The daily 
clinical use of this analysis may be limited. However, it can 
serve as a research tool to better stratify patients’ risk of an 
operative site infection. 


PATIENTS AND METHODS 


The first part of this study involved collecting a patient database 
to be used in generating the operative site infection model and 
identifying the determinants of such infections. The study was 
approved by the hospital ethics review board of the Royal Victoria 
Hospital, Montreal, concerning human experimentation. A total of 
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Table 2.—Operations Performed* 


No. of Patients 
re nh Řaaaaaaaaaaaassssssssssiħn 


Organ Operated On Analysis 1 Analysis 2 
Colorectum 

Esophagogastric 

Laperotomy/abscess drainage 

Panereaticobiliary 

Smad intestine 

Vascular 

Miscellaneous 

Total 


*Analysis 1 represents the population used to generate the predictive 
equatio 1; analysis 2, the population used to test the predictive equation. 





Table 3.—Analysis for Constructing Equation to Calculate 
Probability of Operative Site Infection* 





Loc (DTH score) 0.109 


Age 0.023 0030 
Corstamination status —0.271 .0633 
Operative time 0.112 .0988 





*Model x?=66.6, df=5, P<.001, r=.364. DTH indicates delayed-type 
hypersensitivity. 


404 patients who had an elective or emergency surgical procedure 
were studied. We concentrated on patients who were considered at 
high risk on clinical grounds, so as to identify variables that 
contrisuted to the risk of an operative site infection. By studying a 
large number of patients from the same hospital, we avoided 
variat.ons of surgical practices and techniques inherent in a 
multicenter trial. Criteria for entry into the study required the 
availability of certain measurements within the 72 hours prior to 
the surgical procedure, including history and physical examina- 
tion, jelayed-type hypersensitivity (DTH) skin test response,” 
serur albumin level, and total serum protein level. Age of the 
patiert, the length of the surgical procedure, the contamination 
status, whether the operation involved the abdomen, and the 
number of diagnoses in the patient’s chart were also noted. Patients 
receiving radiation therapy or chemotherapy were excluded. Ap- 
propriate prophylactic and therapeutic antibiotics were adminis- 
tered The patients were followed up for 30 days following surgery, 
either in the hospital or as outpatients, by a specially trained 
research nurse. Operative site infection was defined as an oper- 
ative site that developed culture-proven infected drainage or 
develsped culture- or biopsy-proven infected tissue within 30 days 
of su~gery. This definition was needed to include infections at 
operetive sites where the wound was packed open due to the 
presence of severe intra-abdominal infection and later developed 
biopsy-proven infected tissue. These wounds would almost cer- 
tainly develop a purulent drainage if closed primarily. 
Demographic and other risk factors of the patients whose data 
were used for the logistic regression analysis are shown in Table 1. 
Age was entered as its numeric value. Degree of surgery was 
class fied from 1 to 5 according to severity; 1 represented simple 
surgery such as cholecystectomy, and 5, complex surgery such as 
esophagogastrectomy. Operative time was entered as increments 


Operative Site Infection—Christou et al 











- 





Probability 
NS Ge) ae ee ee oe @ 


Best to Worst Host Defense 


Fig 1.—Theoetieal probability of developing operative site wound 
infectior as contributory variables change from their best to their 
worst values. serum albumin level varied from 5.5 to 1.2 g/dL (55 to 
12 g/L); delayed-type hypersensitivity skin test score, from 99 to 0 
mm; age, from 95to 18 years; contamination status, from 1 (clean) to 
4 (dirty); and operation time, from 7 (=180 minutes) to 1 (=30 
minutes . 


18 
16 






No. of Infections 


.1 2 3 4 5 6 i 8 


Probability Deciles 
Fig 2.—Expeced (dark-gray bars) and observed (light-gray bars) 
operative site infection within each probability decile. Overall 
x°=0.22. P=.%1, not significant. 


of 30 minutes 2ach (ie, 1, <30 minutes; 2, >30 but =60 minutes, 
etc). Comtamiration status was classified according to NRC-NAS 
recommendatibn=1, clean; 2, clean-contaminated; 3, contaminated; 
and 4, dirty. Serum albumin and total serum protein levels were 
entered as ther numeric values in grams per deciliter. The DTH 
was expressee as a score, ie, the sum of the maximum mean 
diameters of the response of five ubiquitous antigens, in milli- 
meters. The maximum skin test response at the 24- or 48-hour 
reading was wed. This score was transformed into its natural 
logarithm, as taere exists a direct exponential relation between the 
DTH score ane the risk of life-threatening sepsis.° 
Stepwse logistic regression analysis was performed using Sta- 
tistical Analysis System version 82.4 PROC LOGIST, on the 
AMDAL computer at McGill University, Montreal. The logistic 
function takes zhe following form: P=1-—[1+exp(— ba— b®— ... 


\ — b,x) 5 whee P is the probability of an operative site infection 


(dependent variable), exp is the exponential function (natural 
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we 
: ae a 


logarithm), bo, b,.. . b are the coefficients to be estimated, and «,, 
Xy . . . a, are the independent variables. 

Starting with the constant model (ie, by as the only parameter), a 
variable was entered into the equation only if its addition increased 
the likelihood of the model’s outcome with a P value less than .1, 
using two-tailed tests of significance. This analysis was carried out 
in consultation with the Department of Epidemiology and Health, 
McGill University. 

Having obtained the logistic regression equation based on a 
retrospectively identified population (Tables 1 and 2), we then 
tested its validity by using a separate group of 404 patients who had 
similar surgical procedures and were observed for the same length 
of time following surgery. The probability of an operative site 
infection for each patient was calculated by entering the same 
variables measured on admission and at surgery into the regres- 
sion equation. The patients were then grouped into deciles of risk 
based on these probabilities, and the expected frequency of 
operative site infections within each decile of risk was determined 
by summing the individual probabilities of each patient within that 
decile. The expected operative site infections within each decile 
were then compared with the observed cases, and differences were 
analyzed by the x’ test. 


RESULTS 


The patient characteristics are shown in Table 1 and the 
operations in Table 2. There was a broad representation of 
common surgical pathologie conditions in the first group. 
The age range as well as the DTH score range show a wide 
spectrum of host defense and physiologic reserve. Patients 
were examined daily, and an operative site infection was 
diagnosed in 70, for an overall rate of 17.3%. The overall 
mortality was 15.1%. Twenty-nine of 70 patients with oper- 
ative site infections died. The variables and their regression 
coefficients that were retained by the stepwise logistic 
regression analysis are shown in Table 3. The strongest 
associated variable was the serum albumin level, followed 
by the DTH response. The contamination status at the time 
of surgery was also contributory. 

The age of the patient and the length of the operation 
were inversely related to the development of an operative 
site infection. The variables of operation in the abdomen 
and the number of diagnoses on the chart (from Haley et al*) 
were displaced from the model. From the regression coeffi- 
cients in Table 3, the following equation gives the proba- 
bility of an operative site infection given a set of contribu- 
tory variables: P=1—{1+exp[—3.49+1. 05(albumin) + 
0.17 n [DTH score]) + 0.02 (age) — 0.27 (contamination) + 
0.11(surgery duration)]}~. 

Substituting a patient’s values in the above equation will 
give the actual risk probability of an operative site infection 
for that patient. Figure 1 shows a theoretical probability plot 
of the wound infection risk of surgical patients as the above 
variables shift from their “best” to their “worst” values. 

The patient database used to validate this equation is 
shown in Tables 1 and 2. Mortality in this group was 15.6%. 
These patients were similar to the previous group. Each 
patient’s probability of an operative site infection was ealcu- 
lated. The probabilities of operative site wound infection were 
then summed for all patients within each probability decile, 
eg, 0 to 0.1, 0.1 to 0.2, and so on. The expected numbers of 
operative site wound infections within each decile were 
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compared with the observed operative site wound infections 
(Fig 2). A good fit of the model was obtained, with 70.3 
operative site infections predicted and 67 actually observed 
(16.5%). The close fit of the model was confirmed by x? 
analysis (x*= 0.22, P=.61), indicating that the small differ- 
ences observed were not significant. The Goodman-Kruskal 
G statistic, which measures the association between each 
patients’ value on the index and whether he or she devel- 
oped an operative site infection, was 0.465. This statistic is 
analogous to a correlation coefficient, with values of +1 
indicating a strong positive association between the index 
and an operative site infection and with values near —1 
A indicating a strong negative association. 
i COMMENT 
E The determinants of any infection, including an operative 
= site infection, are the bacteria, the local environment, and 
ne: systemic and local host defense mechanisms.’ The NRC- 
NAS study,’ the Cruse and Foord study,’ the Davidson et al 
study,” and the Haley et al study* addressed some of these 
determinants. The present study expands these concepts to 
include objective measures of host defense. The environ- 
ment includes the breakdown of the normal barriers such as 
the skin and mucosal membranes. This is represented by an 
operation on the abdomen in the study of Haley et al.‘ The 
bacterial contamination is reflected by the contamination 
=~ Status in all of the previous studies and in the present study. 
E. Host defense mechanisms, represented by the DTH skin 
Wy test response and possibly the serum albumin level, were 
= shown to be important in this study. 
The age of the patient was found to be inversely 
= associated with the development of an operative site infec- 
tion in this study. This fits with the finding that younger 
patients tend to survive following major septic complica- 
== tions.*® Such patients can later manifest operative site 
infections if these occur. 
The DTH skin test response has been shown previously to 
be associated with major septic morbidity and mortality.*” 
_ Ina similar study on septic mortality, the DTH score was 
= also found to be highly associated with the probability of 
= sepsis-related mortality.* This score displaces from the 
~ model other measures of host defense, such as polymorpho- 
= nuclear neutrophil function and absolute lymphocyte 
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seps.s-related mortality in these patients. The reason for 
this is not clear. It is not solely due to the contribution of 
malru-rition. The mean albumin level of both groups of 
patients was not in the range of gross malnutrition. Two 
hypctheses could explain this finding. First, the low serum 
album_n values identify patients as being at high risk 
because the host is under “stress” and has switched hepatic 
responses toward synthesis of acute-phase proteins at the 
expense of albumin. Recent work indicates that this is the 
exact ~esponse of the liver to interleukin 1.” Many different 
proteins are required during times of metabolic or phys- 
lologic stress. The role of Kupffer’s cells (liver macro- 
phages) in hepatocyte protein synthesis is beeoming appar- 
ent. The alternate hypothesis would be that the low 
albumin levels may indicate a maximally stressed liver that 
has begun to fail and cannot provide the needed acute-phase 
respomse proteins required to control infection. This, to- 
gether with decreased host defenses as indicated by a 
decreased DTH response, increases the risk of an operative 
site irfection. 

The logistic regression analysis and the equation pre- 
sented herein clearly outline the determinants of an infec- 
tion following surgery and emphasize the importance of 
host factors. The approach used improves on the previously 
avai.adle methods of patient stratification for operative site 
infeet on risk. The use of objective measures added to 
previcusly well-accepted risk variables, such as contamina- 
tion status (the environment, the bacteria), avoids the error 
in c:assification that could occur if all diagnoses are not 





reccrded in the chart as recommended by the study of Haley - 


et a .* The addition of the serum albumin level and the DTH 
score also displaces an operation on the abdomen with a 
more objective measurement. Clearly, incisional hernias 
that occur in the abdomen do not provide the same risk as a 
colectomy, which is also performed on the abdomen. The 
drawback to the present technique might be the complexity 
of thecalculation and the need for DTH testing. Skin testing 
is becoming more commonplace, especially with nutritional 
assessment. The availability of personal computers and 
hand-held programmable calculators can facilitate the 
calcu.ations, allowing for clinical application of this ap- 
proach. An example would be the further refinement of 
propkylactic antibiotic studies, in which proper patient 


: counts. stratcication according to risk is essential. 

_ The serum albumin level was the strongest variable 

a associated with an operative site infection in this study. $ This study was supported in part by a grant from the Medical Research 
= Similarly, it was the strongest variable in an analysis of Couacā of Canada. 
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Discussion 


DAVID ÅHRE™HOLZ, MD, St Paul, Minn: We live in an era af cost 
containment. This includes using inexpensive prophylactic antibi- 
otics in appropriate patients. Dr Christou and associates have used 
a sophistieated mathematical analysis to derive a formula for 
estimating the risk of postoperative wound infection based on 
easily obtainable data. I believe the refinement of such a formula 
will ultimately be used to stratify patients in future trials of 
antibiotic propkylaxis. I have a few specific questions for the 
authors. 

1. How was tae number of 404 patients in each group selected, 
and what patien:s were excluded? For example, were patients with 
clean wounds excluded so that we could have a more-high-risk 
group ana yzed” 

2 You kave not commented on antibiotic use in these patients. 
Differences in antibiotic use, for example, single vs multiple 
agents, have different outcomes. Similarly, did patients with 
otherwise equal risk factors have lower infection rates if the 
wounds were packed open? 

3. Do you fed that measuring time of operation and severity of 
operation on ar arbitrary scale are just means of measuring the 
same facter? I was surprised that the degree of contamination did 
not correlate more highly with the incidence of infection. 

4. Can you comment on the physiologic significance of the low 
albumin level? `s this malnutrition, which might be corrected by 
very aggressive preoperative nutritional support, or is it a mea- 
sure of hepatic unresponsiveness, which might only be corrected 
by the development of effective immunomodulating agents” 

Maximo Devsine, MD, Northport, NY: At the Northport 
Veterans Administration Hospital, we just finished a series of 1000 
herniorrhaphies, at the end of which we routinely débrided the 
wound. Oar infaction rate was 0.4%. 

BASIL A. Prewitt, JR, MD, Fort Sam Houston, Tex: Dr Christou, 


Big 


Gary S. Rogers, MD; Alfred W. Kopf, MD; Darrell S. Rigel, MD; Robert J. Friedman, MD; Marcia 


Hazard-rate analysis provides a unique means of assessing prognosis in patients with malignant disease. The 
kazard rate is the probability of a patient dying within a particular unit of time after definitive therapy. 
Hazard-rate analysis was performed on a series of 719 consecutive patients with clinical stage I cutaneous 
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although the overall correlation looked good, there were three 
deciles in which there appeared to be significant differences. Could 
you explain what accounted for those three deciles? 

Dr Curistou: I will address the questions in series. The 404 
cases were arbitrarily selected. We have an ongoing database. Our 
statistician suggested that rather than using a large number of 
patients to show one effect, it would be best to divide the data in an 
arbitrary fashion, look generally at the equation with the first half, 
and then use the other half to test the validity of the equation. 

Antibiotic use is uniform in our hospital. The patients undergo a 
mechanical bowel preparation plus metronidazole and neomycin, 
parenterally supplemented with 500 mg of cefazolin sodium with 
induction. This has been the practice for the duration of this study. 
There were very few exceptions in which this was not carried out. 

I think that the time of surgery does reflect the chance of 
contamination, especially if the large bowel is opened for a 
prolonged period, and indirectly it measures the state ef con- 
tamination. This is why it is not a very strong variable compared 
with the actual degree of contamination classified by the NAS- 
NRC guidelines. Had we used an elegant technique, such as that 
presented by Mr Pollock, of doing broth cultures in the operating 
room, we may have obtained different data and perhaps put the i 
actual contamination variable in better perspective. ] 

The low albumin level is an interesting observation. I think that 
it measures the physiologic response of the host; the inability ofthe 
liver to make acute phase proteins; or, perhaps, a down-regulation | 
of protein synthesis in favor of acute-phase responses. 

In response to Dr Deysine, most patients with herniorrhaphy | 
were not part of this analysis. If you measure bacterial contamina- 

tion in herniorrhaphies, you should have a very low count. | 

. 

| 

| 





Dr Pruitt, there were two deciles in which there appeared to be 
different outcomes, but on x’ analysis these were not significant. 


malignant melanoma (MM). The peak hazard rate for death from metastatic MM occurred during the 48th 
month of follow-up. Thereafter, the hazard rate declined and approached zero by the 120th month. When the 
patients were stratified by the thickness of their primary MM, thicker lesions reached their peak hazard-rate 
month earlier than thinner lesions. We conclude that after 120-month survival, the risk of dying from MM is 
virtually zero. However, since rare late deaths from MM occur, lifetime follow-up is recommended (Arch 


v 
ARCHIVES OF DERMATOLOGY 
Hazard-Rate Analysis in Stage I Malignant Melanoma 
Levenstein, DSc; Robert S. Bart, MD 
Dermatol 1986;122:999-1002). 
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Surgery in Patients With 
Acquired Immunodeficiency Syndrome 


Gene Robinson, MD; Samuel E. Wilson, MD; Russell A. Williams, MD 


© Between 1982 and 1985, 21 patients with acquired immu- 
nodeficiency syndrome (20 men and one woman; mean age, 36 
years) uncerwent 31 surgical procedures at the Harbor/UCLA 
Medical Center, Torrance, or the UCLA Medical Center (skin, 
lymph node, and endoscopic biopsies were excluded). The 
operations included seven emergencies and 24 elective opera- 
tions (eight major and 16 minor). Pathologic findings included 
cytomegalovirus colon perforation (two), disseminated Ka- 
posi’s sarcoma (KS) of the small and large bowel (one), cystic 
duct obstruction by KS (one), poorly differentiated gastroin- 
testinal lymphoma (one), Candida acalculous cholecystitis 
(one), central nervous system toxoplasmosis (two), amebic 
encephalitis with abscess (one), staphylococcal botryomyco- 
sis of the pericardium (one), pulmonary KS (one), and cyto- 
megalovirus (one). The overall operative (30 days) mortality 
rate was 48% (10/21). The emergency Surgery rate was 57% 
(4/7), elective, 43% (6/14). The high operative mortality rate in 
these patients was usually due to progression of opportunistic 
infections or malignancy. 

(Arch Surg 1987;122:170-175) 


ala immunodeficiency syndrome (AIDS) is the most 
severe manifestation of infection by human T-cell 
lymphotropic virus type I1I-lymphadenopathy-associated 
virus (HTLV III-LAV), which is transmitted through sex- 
ual contact, through parenteral exposure to infected blood 
or blood components, and perinatally from mother to fetus 
or neonate." Over 16000 AIDS cases have been reported in 
the United States as well as 1500 cases in Europe.** 

As the number of cases continues to increase, the surgeon 
will be mere frequently involved in the management of 
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pacients with AIDS. The following study was undertaken to 


identify the surgical procedures performed on patients with 
AIDS 


PATIENTS AND METHODS 


We studied the clinical courses of patients with AIDS who had a 
major operation or an emergency surgical procedure at Harbor/ 
UCLA Medical Center, Torrance, or the UCLA Medical Center 
between 1982 and 1985. The patients all met the AIDS case 
deñnition of the Centers for Disease Control, Atlanta*® (Table 1), 
at che time of operation or within one week of that date. Patients 
who had biopsy specimens of lymph nodes or skin or other biopsy 
specimens taken endoscopically were not included. 

The following information was determined for each patient: age, 
sex, the basis on which the diagnosis of AIDS was made, the 
interval between diagnosis and surgery, the indications for sur- 
gery, the operative findings, and the postoperative course. In cases 
of patient death, the operative (30-day) mortality rate and the 
interval between AIDS diagnosis and death were calculated. 


RESULTS 





Twenty-one patients (20 men and one woman) with an æ 


average age of 36 years at time of surgery were studied 
(Table 2). Thirty-one procedures were performed: two in 
19€2, six in 1983, 11 in 1984, and 12 in 1985. Seven patients 
underwent multiple procedures, including one patient who 
had four separate operations after the diagnosis of AIDS 
was established. 

Seven operations were emergencies: four thoracos- 
tomies, two celiotomies, and one craniotomy. All four tube 
thcracostomies were required for the treatment of pneu- 
methorax following bronchoscopy with washings and/or 
biapsies. Three patients recovered normally. Patient 2, 
however, had a persistent bronchopleural fistula along with 
severe bilateral Pneumocystis carinii pneumonia unre- 
spensive to sulfamethoxazole and trimethoprim and pen- 
tamidine therapy that required intubation. He died two 
weeks after thoracostomy. At autopsy he had diffuse bilat- 


Surgery in Patients With AIDS—Robinson et al 


i 


e 


i bs aC TSS al Te. by EPON = Wee Sse Ty 
PTE EITE i $a 
A “in” L 






Table 1.—Acquired Immunodeficiency Syndrome Case 
Definition* 


Necessary Criteriat 


Kaposi's sarcema proven by biopsy; if the patient is 60 years of age or 
olderat the ‘ime of diagnosis, he or she must also be seropositive for 
antibedy to HTLV III-LAV 
Lymphema limited to the brain 
Infection proven by biopsy or culture 
Pneumocystis carinii pneumonia 
Intestinal cr~ptosporidosis, causing diarrhea for more than one month 
Strongyloidesis, causing pneumonia, CNS infection, or disseminated 
infectiong 

Toxoplasmcis, causing pneumonia or CNS infection 

Aspergilloss, causing CNS or disseminated infectiont 

Candidiasis causing esophagitis 

Cryptococcssis, causing pulmonary, CNS, or disseminated infectiont 

“Atypical” mycobacteriosis (species other than Mycobacterium tu- 
berculos or Mycobacterium leprae), causing disseminated infec- 
tiont 

Cytomegalcvirus, causing pulmonary, GI tract, or CNS infection 

Herpes simplex virus, causing chronic mucocutaneous infection with 
ulcers pessisting more than one month or pulmonary, GI tract, or 
disseminated infectiont 

Progressivemultifocal leukoencephalopathy (presumed to be caused 
by papovevirus) 

Seropositivity «or antibody to HTLV III-LAV with one of the conditions: 
Disseminated histoplasmosis, not confined to lungs or lymph nades 
lsosperiasis causing chronic diarrhea for more than one month 
Bronchial or pulmonary candidiasis 
Non-Hodgkin's lymphoma of high-grade pathologic type (diffuse, 

uncifferer-iated) and of B cell or unknown immunologic phenotype, 
diagnosee by biopsy 

Histologically eonfirmed diagnosis of chronic lymphoid interstitial pneu- 

monitis in Æ child less than 13 years of age, unless the child is 

seronegative for antibody to HTLV III-LAV 


*HTLV IH-LAV indicates human T-cell lymphotropic virus type Ili—- 


































~< lymphadenepathy-associated virus; CNS, central nervous system; and Gl, 


- gastrointestinal. Fatients are excluded as acquired immunodeficiency syn- 
drome cases if they are seronegative for antibody to HTLV III-LAV and they 
do not have a low sumber of T-helper lymphocytes or a low ratio of T-helper to 
T-suppresser lymshocytes. If these test results are not available, patients 
who satisfy other criteria are included. 

tOne or more c the following criteria must be met. 

With the exception of histoplasmosis, disseminated infection is defined 
as involvement of the lungs and multiple lymph nodes. 


eral cytomegalovirus (CMV) interstitial pneumonitis as 
well as bilateral P carinii pneumonia. 

Two emergency celiotomies were done for cytomegalo- 
virus colitis. Patient 9 had Kaposi’s sarcoma (KS) and 
received chemotherapy four months before he presented 


~ with one day of lower abdominal pain and pneumoperito- 


neum. There was a splenic flexure perforation, and ul- 
cerative changes were seen in the transverse colon. Patho- 
logic findings included CMV infection. Transverse 
colectomy wita colostomy was complicated by postopera- 
tive gram-negative sepsis, wound dehiscence, and severe 
P carinii pneumonia. He died two weeks after the 
operation. 

Patient 16 had KS and cryptococcal meningitis that had 
been treated successfully three months previously. A 
necrotic perfo-ated transverse colon showed microscopic 
CMV vasculitss (CMV was not cultured). He recovered 
following a transverse colectomy with colostomy but died 
five months lacer after he had received chemotherapy for 
KS sarcoma and become blind from CMV vasculitis. At 
~ \autopsy, interaal KS of the stomach mucosa, duodenum, 
rectum, peritoneum, and liver was found. A CMV infection 
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of the lungs and gastrointestinal (GI) tract that had de- 
stroyed the adrenal glands was also found. 

An emergency craniotomy to evacuate a left temporal 
epidural hematoma was done on patient 6. He previously 
had undergone excision of a cerebral abscess that caused 
seizures, and a ventriculoperitoneal shunt had been placed. 
The patient had progressive P carinii pneumonia and died 
three weeks after operation. Pathologic findings included 
amebic necrotizing encephalitis due to a member of the 
Hartmannella-Acanthamoeba group. 

Twenty-one elective operations were done for diagnostic 
and therapeutic indications. Thoracotomy with open lung 
biopsy was done on four occasions. Patients 6 and 14 each 
had two open lung biopsies three weeks apart because of 
continued, ultimately fatal respiratory decompensation. 
The initial biopsy specimens showed interstitial pneu- 
monitis. In patient 6, only autopsy showed pulmonary 
aspergillosis. In patient 14, CMV was cultured from the 
second biopsy specimen, and autopsy showed bilateral 
panlobar viral pneumonitis and focal P carinii pneumonia. 

Thoracotomy (patient 11) with pericardial biopsy and 
window creation was done for chronic, recurrent tran- 
sudative pericardial effusion due to staphylococcal botryo- 
mycosis (grains and colonies of bacteria were found in the 
purulent exudate on tissue sections). The patient was dis- 
charged home and was unavailable for follow-up. A thora- 
cotomy (patient 20), subtotal lobectomy, and pleurodesis 
were done for persistent pneumothorax after two failed 
pleurodeses with tetracycline hydrochloride. The resected 
lung contained KS with emphysematous bullae; KS had 
been diagnosed 15 months previously. The patient was well 
and discharged home. 

Elective abdominal operations were done in five patients. 
Two cholecystectomies were done for acalculous disease 
(patients 7 and 12). In one, cholecystitis was due to 
Candida; the second patient had KS that obstructed the 
cystic duct, resulting in fever and jaundice. Both patients 
are alive. 

Palliative sigmoid colostomy (patient 3) was done for 
rectal KS. He had tenesmus, hematochezia, a mass in the 
sigmoid colon on barium enema, and disseminated KS of the 
small and large bowel. He died nine weeks later. 

A partial gastrectomy, duodenectomy, and Billroth II 
anastomosis were done for poorly differentiated GI lym- 
phoma (patient 17). Bone marrow metastases were present, 
and six weeks later the patient died of bacterial broneho- 
pneumonia. Cytomegalovirus, herpes simplex, and 
Candida were cultured from bronchial lavage. 

Patient 13 had a laparotomy for abdominal lymphad- 
enopathy and a jejunoileal abnormality seen on abdominal 
computed tomographic (CT) scan. No tumor or lymphoma 
was found. However, the patient had postoperative GI 
bleeding and disseminated CMV infection. He died seven 
weeks later. He also had an epididymectomy for chrenic 
CMV epididymitis, a Broviac catheter for hyperalimenta- 
tion, and a tracheostomy the day before death. There was 
no autopsy. 

Patients 1, 4, 8, and 15 had long-term central venous 
access catheters placed because of malnutrition. Patient 10 
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Patient No./Age, y/Sex Indication 

E 1/30/M Broviac catheter Malnutrition 
F, 2/36/M Thoracostomy Pneumothoraxt 
Celiotomy, sigmoid loop Partially obstructing 

oe colostomy rectal lesion, KS 
X -on biopsy 

x 4/32/M Hickman catheter - Malnutrition 

B: Thoracotomy, lung Diagnostic 

3 biopsy 

f Thoracotomy, lung Diagnostic 

; biopsy 

; 5/38/M Thoracostomy Pneumothoraxt 

f Craniotomy Frontal abscess 

3 Craniotomy 

i 7/26/F Cholecystectomy Cholecystitis 
8/32/M Broviac catheter Malnutrition 





Ventriculostomy 
Hickman catheter 


Celiotomy, transverse 
colectomy and 
colostomy 


Partial gastrectomy, 
duodenectomy 


Malnutrition 
16/27/M 


17/37/M 
on biopsy 


Needle brain biopsy 


mass 
Diagnostic 
Diagnostic, ring 


Needle brain biopsy 


19/48/M Needle brain biopsy 


Thoracotomy, subtotal 


lobectomy, 
pleurodesis 
21/27/M Thoracostomy Pneumothoraxt 
gastrointestinal. 
tDied within 30 days of operation. 


tEmergency operation. 


had a tracheostomy for prolonged intubation. 

Four elective neurologic procedures were performed. 
Patient 18 had a needle brain biopsy and nondiagnostic 
craniotomy. Because of persistent CT findings two weeks 
later, repeated craniotomy, brain biopsies, and evacuation 
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Epidural hematomat Temporal epidural hematoma 


Celiotomy, transverse Pneumoperitoneumt 
colectomy and 
colostomy 
Thoracostomy Pneumothoraxt 
Tracheostomy Prolonged intubation 
71/32/M Thoracotomy, pericardial Recurrent pericardial 
window effusion 
12/59/M Cholecystectomy Cholangitis 
13/33/M Epididymectomy Chronic epididymitis 
Broviac catheter Malnutrition 
Celiotomy, liver and Abdominal 
lymph node biopsy adenopathy 
(diagnostic) 
Tracheostomy Prolonged intubation 
14/51/M Thoracotomy, lung Diagnostic 
biopsy 
Thoracotomy, lung Diagnostic 
biopsy 


CNS toxoplasmosis 


Acute abdoment 


Gastric lymphoma 


Diagnostic, parietal 


enhancing lesion 
Persistent air leak 


Time From AIDS 





Diagnosis to Duration 
First Surgery of AIDS 
8 wk 9 wkt 
2 wkt 
Disseminated KS in small bowel 
and colon 
a 9 wkt 
Chronic interstitial pneumonitis 
interstitial 
fibrosis 
1 mo >12 mo mi 










Amebic necrotizing encephalitis 
Cholecystitis, candidiasis 7 mo 


?erforated colon at splenic flexure 
with CMV infection 





Staphylococcal botryomycosis 2 wk 


KS in wall of cystic duct >8 mo 
CMV 
Nermal lymph nodes, mild fatty 7 mo 14 mo 
change of liver PE i 
Intestinal pneumonitis 3 mo 4 mo 
CMV 


Toxoplasmosis 


CMV “vasculitis,” transverse 
colon perforation 


Poorly differentiated GI 9 mo 10 mo 


lymphoma 
Interstitial edema 


Cerebral toxoplasmosis gg 
Nondiagnostic 5 mo 





5 mot 


KS in lung, emphysema 





>12 mo 


*AIDS indicates acquired immunodeficiency syndrome; KS, Kaposi's sarcama; CMV, cytomegalovirus; CNS, central nervous system; and Gl, 


o? a parietal lesion due to toxoplasmosis were performed. 
The patient died of viral pneumonia seven months later. 

A CT-directed needle brain biopsy done in patient 19, who 
presented with hemiplegia, was nondiagnostic. He was” 
treated with pyrimethamine, amphotericin B, penicillin G 
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potassium, end chloramphenicol sodium succinate, but 
diffuse nterstitial infiltrates developed, and he died one 
week later. Autepsy demonstrated cerebral toxoplasmosis. 

A vertricvlostomy was done for hydrocephalus due to 
central nervous system (CNS) toxoplasmosis, causing 
marked edema with ventricle compression (patient 15). 
These fndinzs and the ringlike contrast-enhancing mass 
lesions located in the basal ganglia resolved after treatment 
with sulfadiazine and pyrimethamine. Toxoplasma cere- 
brospinal flu d titers confirmed CNS infection. 

The 39-day operative mortality rate was 57% (4/7) follow- 
ing emergency procedures. For elective surgery it was 43% 
(6/14), making the operative mortality rate for the group 
48% (1021). The mortality rate for all patients in the study 
to January 985 was 76% (16/21). The time from AIDS 
diagnosis to death ranged from two to 56 weeks, with a 
mean daratien of 31 weeks. 

COMMENT 

The first cases of AIDS were reported in mid-1981, and 
three years later a retrovirus, most commonly called HTLV 
III-LAY, was identified as the cause of AIDS.’ The inci- 
dence o the disease is roughly doubling each year,” and over 
half of the 72000 new cases predicted to develop in the 
United States this year will be from states other than New 
York and Caiifornia.° 

As the pat-ent’s immune system degenerates, a variety of 
opportunistr infections and unusual neoplasms appear. 
These provice the clinical definition of AIDS (Table 1). With 
increased knowledge it has become evident that many 
diseaseprocesses associated with HTLV III-LAV infection 
and AIDS may require surgical intervention, as described 
in this study and by Potter and colleagues.* 

Acquired mmunodeficiency syndrome may be viewed as 
the terminal event resulting from infection with HTLV 
III-LAV. Azquired immunodeficiency syndrome does not 
develop in al seropositive patients, but one estimate of the 
mean incubetion period for transfusion-associated AIDS is 
4.5 years. Among homosexual men it may be closer to three 
years." A recent study* that followed five high-risk groups 
for three years found that AIDS developed in 10% of 
seropositive subjects, with the highest annual incidence 
(384%) amonz male homosexuals in Manhattan. In the San 
Francisco City Clinic Cohort Study,” AIDS or AIDS- 
related illness developed in one third of male homosexuals 
seropositive for over five years. New cases may continue to 
appearmore than five years after seroconversion, however.’ 

Mortality rates from AIDS differ: For the entire United 
States to January 1986,’ 51% of adults and 59% of children 
with AIDS nad died. In Europe to January 1986,’ the rate 
was akout 50%. In Goedert and colleagues” large study, 
68% of those in whom AIDS developed over a three-year 
period died while the overall mortality rate over a three- 
year period was 75%. In January 1986, the Centers for 
Disease Control, Atlanta, noted that 71% of patients diag- 
nosed with AIDS before July 1984 had died.’ 

In this stady of surgical diseases, the approximate mean 
duratien of disease measured from the date of AIDS diag- 
nosis until thepatient’s death was 31 weeks. The range was 
two weeks to 14 months. The mean duration of AIDS 
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calculated from an autopsy pathology study of ten patients 
with AIDS" was 29 weeks. These calculations carry no 
predictive value but allow comparison between a group of 
surgical patients and a group of ten patients who had five 
open lung biopsies, one liver biopsy, and one brain biopsy 
before death. 

In this study (Table 3), the most common infective agent 
was CMV (four cases). Disseminated CMV is one of the most 
common findings in all studies of patients with AIDS.” At 
autopsy it has been found to involve nearly every 
organ.”*"* Most often infected by CMV are the lungs, the 
adrenal glands, and the GI tract. ®” 

Cytomegalovirus colitis has been well described.” In 
patients with AIDS it results from primary infection of the 
colon, not infection of previously injured, granulating tissue 
as is likely in patients with other compromised immunologic 
states.” 

Meiselman and associates” described a symptomatic pa- 
tient who had an endoscopic colon biopsy specimen that 
showed CMV inclusions in endothelial cells. Over four 
months there was fulminant progression to gangrenous 
bowel associated with severe CMV vasculitis that recuired 
proctocolectomy for hemorrhagic necrosis of the colon and 
rectum. Colonoscopic biopsies are useful in establishing a 
diagnosis of CMV colitis,” but the initial endoscopic impres- 
sion of the lesion may be confused with KS. 

Kaposi's sarcoma was the next most common operative 
finding. It presented as a large, potentially obstructive, 
bleeding mass in the sigmoid colon, as a cause of cystic duct 
obstruction, and, with lung involvement, as a cause of 
persistent bronchopleural fistula. It is the second most 
common AIDS-associated opportunistic disease and is the 
basis for the initial diagnosis of AIDS in 24% of all cases 
reported in the United States.* Kaposi’s sarcoma is a 
multifocal neoplasm of the reticuloendothelial system found 
in skin or lymph node biopsy specimens in patients with 
AIDS.” Kaposi’s sarcoma is more likely to develop in 
homosexual men with AIDS than in patients in other risk 
groups. Cofactors for this may be the high frequency of 
CMV infection in this group and the use of nitrite inhalants.’ 

In autopsy studies,” KS has been found in nearly as 
many organs as CMV. The most commonly involved organs 
are the skin, GI tract, lymph nodes, and lungs. Friedman 
and colleagues” studied a group of patients with AIDS and 
KS by routinely performing upper endoscopy and flexible 
fiberoptic sigmoidoscopy with biopsy of suspicious hemor- 
rhagic macular lesions or violaceous nodular lesions. They 
found that 40% of the patients had visible lesions consistent 
with KS, but only 23% of the endoscopic biopsy specimens 
confirmed the diagnosis. Sigmoidoscopic biopsy specimens 
were more likely to confirm KS than esophagogastro- 
duodenoscopic specimens, probably due to the larger size of 
those biopsy forceps. Three-year follow-up on the majority 
of the patients showed no significant GI bleeding, episodes 
of obstruction, perforation, intussusception, or abnormal 
pain directly attributable to KS lesions. The survival of 
patients with endoscopically detected KS was significantly 
worse than in patients without gastrointestinal KS. As no 
deaths occurred due to the lesions, it is possible that the 
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Table 3.—Infections and Neoplasms Found at 
Surgery and Organs That Were Involved 


Condition No. of Cases 























Infections 
Cytomegalovirus 

Colon 2 

Lung 1 

Epididymis 1 
Toxoplasmosis 

Central nervous system 2 
Candida 

Gallbladder 1 
Staphyloceccus 

Pericardium, botryomycosis 1 
Ameba (Hartmannelie-Acanthamoeba group) 

Central nervous system 1 

Neoplasms 

Kaposis sarcoma 
Small bawe! and coion 1 
Cystic duct 


Lung 
Poorly differentiated gastrointestinal lymphoma 
Stomach and duodenum 


extent of visceral disease reflects the degree of immunosup- 
pression. 

In addition to the case of KS in the wall of the cystic duct 
reported here, jaundice has been reported in a patient due 
to KS of the ampulla of Vater.” 

Candida pseudohyphae and ulcerations with acute and 
chronic cholecystitis were found in one patient studied. 
Rare reports of Candida cholecystitis exist, but not in 
association with AIDS. Candidiasis is probably the second 
or third most common infection in patients with AIDS.*””* 
The esophagus is most often involved, producing esopha- 
geal erosions, dysphagia, odynophagia, and retrosternal 
burning. Barium studies show mucosal ulcerations, and 
esophageal biopsy specimens reveal invasive candidiasis.” 

Toxoplasmosis and an unusual ameba were protozoan 
infectious agents found in this surgical group of patients 
with AIDS. Centra! nervous system toxoplasmosis in AIDS 
is well known,** and medical cure is possible if suspected 
cases are aggressively diagnosed or even empirically 
treated. Brain biopsies may be nondiagnostic,” as was seen 
in two patients studied; evidence of toxoplasmosis emerged 
only later on repeated biopsy or autopsy. Ventriculostomy 
and medical treatment reduced intracerebral pressure and 
swelling from toxoplasmosis in the basal ganglia of one 
patient studied. Handler and colleagues” suggested that, if 


the patient remains stable, focal neurologic findings, usu- 
ally indicative of toxoplasmosis,” supportive toxoplasma 
titers, and enhancing lesions on CT scan are adequate to 
begin a trial of antibiotic therapy without biopsy confirma- 
tion. 

Acute amebic necrotizing encephalitis, an organism be- 
longing to the Hartmannella-Acanthamoeba group, was 
the most unusual organism found in this study. Primary 
lymphoma of the brain, cryptococcosis, and CMV infections 
have been more commonly described. ™*9 

Non-Hodgkin's lymphoma has been described as a neo- 
plasm associated with AIDS,’ and one case of a poorly 
differentiated GI lymphoma in the stomach and duodenum 
is included. Malignant lymphoma in AIDS is characterized 
by a diffuse pattern, frequent extranodal presentations, 
and an aggressive clinical course, with prominent CNS 
involvement.” Other cancers that may be associated with 
HTLV III-LAV infection are Hodgkin’s disease, a new form 
of Burkitt’s lymphoma, and squamous cell cancers of the 
head and neck.” 

Botryomycosis, a chronic bacterial infection, usually 
presents as an indurated fibrotic subcutaneous mass with 
draining sinuses. It resembles a mycetoma.™ The causative 
organism is generally Staphylococcus, Streptococcus, Es- 
cherichia coli, Pseudomonas, or Proteus. In one patient 
with AIDS, staphylococcal botryomycosis was found in the 
pericardial space. The relation of botryomycosis to AIDS is 
not known. 

Other infections associated with AIDS that may present 
as surgical disease include Cryptococcus neoformans and 
Mycobacterium avium-intracellularis. These may form an 
intra-abdominal inflammatory mass.° Mycobacterium and 
Histoplasma capsulatum can both cause retroperitoneal 
lymphadenopathy or hepatosplenomegaly,*® producing an 
abdominal mass. 

The most common opportunistic infection in patients with 
AIDS is P carinii pneumonia. Sixty-three percent of AIDS 
cases in the United States’ were recognized because of 
P carinii pneumonia, most commonly diagnosed by bron- 
choscopic washings. The incidence of P carinii pneumonia 
continues to increase relative to other opportunistic dis- 
eases among patients with AIDS.’ Twenty-four percent of 
patients with AIDS in this study had P carinii pneumonia. 
Half af the thoracostomies were done for pneumothorax 
following bronchoscopy during which P carinii was found. 
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Discussion 


Joun M. Davis, MD, New York: The number of patients with 
AIDS centinues to increase, and whether we like it or not, we as 
surgeons are creasingly involved with their care. 

The rsk groups of this disease seem to follow the groups 
susceptible tc hepatitis B. The study of AIDS has allowed the 
medical community some startling insights into the sexual be- 
havior of the mfected male homosexual and bisexual. Some of the 
numbers of contacts are astounding and would challenge the sexual 
exploits of this group as a whole. 

The disease is spreading; there is no doubt about that. It has 
been estimated that for every living individual with AIDS there 
are 300 indivicuals who have been infected by the virus, according 
to testing for -he presence of the antibody in their serum. 

This disease is spreading to the heterosexual community, pre- 
sumably because of bisexual men. That fact is a sobering one and 
was discussed in the editorial section of the newspaper teday. At 
this time it is estimated that there are over 100 heterosexual 
individuals wËh AIDS, or approximately 1% of the total number 
who have the disease. This is presumably due to heterosexual 
promiscuity rather than homosexual behavior. 

This d sease is a clinically challenging one to manage. Among the 
first 27 cases st the New York Hospital, the mortality rate after 11 
months was 9€%. The median survival after the initial diagnosis of 
an opportunis-ic infection was five months, and the overall median 
survivalis a littlelonger, about six months. So this is a highly fatal, 
terminal disease. 

Patients with ES tend to live alittle longer; they live two or three 
years. Patients with lymphoma associated with AIDS also tend to 
live a little longer, in the range of two or three years. So when you 


look at the group as a whole, the mortality statistics are a little 
misleading. 

I would like to ask the authors, in regard to the issue of survival, 
when do you say no? When do you say it is all over, that there is 
nothing I can do to help the patient with AIDS? Also, how do you 
protect yourselves in the operating room from acquiring the 
disease? It always seemed to me somewhat superficial te put on 
two pairs of gloves, since a needle or scalpel blade can go through 
two pairs of gloves as easily as one pair. 

RicHarpD J. Howarp, MD, Gainesville, Fla: We have seen a 
small number of these patients. One problem we have is the patient 
who has fever and is clearly dying and has enlarged lymph nodes. 
The internist wants to perform a biopsy of a lymph node in the hope 
of finding an infectious problem. We have done this in about 15 
patients and have never found a treatable infection. I would like to 
know the authors’ or others’ experience. 

Dr RoBINSon: Because most patients with AIDS are young and 
medical therapy for the disease is evolving, we favor aggressive 
diagnostic and therapeutic measures. The decision to withhold 
therapy should be individualized and based on the same factors as 
for any other patient with a critical illness. 

Our practice at Harbor/UCLA Medical Center, when operating 
on patients with AIDS or patients positive for HTLV-III antibody, 
is to use extreme caution to avoid needle stick injury and mucous 
membrane contact with the patient’s blood or secretions. Double 
gloves and visors are often used but may not be necessary. 

Lymph node biopsies in the febrile, dying patient are most often 
nondiagnostic, but early in the diagnosis they may yield very useful 
information. 


In Other AMA Journals 


ARCHIVES OF INTERNAL MEDICINE 
The Living Kidney Donor: Alive and Well 


Aaron Spital, MD; Max Spital, MD; Robin Spital, PhD 


The results of cadaveric renal transplantation have markedly improved in recent years. Concurrently, a few 


ong-term follow-up studies of living kidney donors found an increased incidence of proteinuria and 
aypertension. As a result, some have argued that living donors should no longer be the preferred source of 
xidneys. To see if transplant centers are mowing away from the use of living donors, we sent a questionnaire to 
all US transplant centers. The results of oursurvey show that rather than becoming extinct, living donors are 
still the preferred source of kidneys at most US transplant centers. In fact, new ways are being sought to 
nerease the supply of living kidney donors (Arch Intern Med 1986;146:1993-1996). 
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Suppression of Interleukin 2 Production in 
an Animal Model of Thermal Injury Is Related 
to Prostaglandin Synthesis 


J. Jeremy Wood, BM, FRCS; John T. Grbic, DMD; Mary L. Rodrick, PhD; Andrea Jordan; John A. Mannick, MD 


è We perfomed studies using an animal model of thermal 
injury to confirm the observed decrease in interleukin 2 (IL-2) 
production in burned patients and to explore the underlying 
mechanisms. Ten mice subjected to a 25% scald were com- 
pared with ten anesthetized littermates (controls) and six 
untreated mice (normal mice) 1, 3, 5, 7, 10, 14, and 21 days after 
burn. Producczion of IL-2 by splenocytes was stimulated by 
concanavalin A alone, or in the presence of the cycloox- 
ygenase inhibitor indomethacin or flurbiprofen. The IL-2 con- 
tent of the resulting supernatant was determined by the re- 
sponse of the iL-2—dependent cell line CTLL-2. The IL-2 produc- 
tion was signeficantly suppressed in the burned mice at three 
days (mean + SEM, 30.9% + 5.2%), five days (19% + 5.5%), seven 
days (4°.6%=6.4%), and 21 days (20%+4.5%). Significant 
enhancement of!L-2 production by indomethacin was seen in 
the burmed croup (mean, 95%), but not in controls (mean, 
23.8%) cr normal mice (mean, 17.2%), and similar effects were 
seen with flusbiprofen. In separate experiments the effects of 
exogeneus prostaglandin E, on lymphocyte blastogenesis and 
IL-2 productien were studied, and an increased susceptibility 
to the Inhibbory effects of prostaglandin E, was observed 
following thermal injury. 

(Arch Surg 1987 ;122:179-184) 


he morbidity and mortality due to sepsis following 

thermal and nonthermal traumatic injury remain sub- 
stantial, despite improvements in supportive care and 
antimicrobia agents.'* Attention has focused on abnormali- 
ties of host resistance in these patients, particularly in the 
well-described abnormalities of cell-mediated immunity.*° 
Many cell-mediated immune reactions involve the produc- 
tion of a T-lymphocyte growth factor, interleukin 2 (IL-2), 
and studies en patients after both thermal and nonthermal 
injuries have demonstrated decreased production of IL-2 
followirg injary.®’ The present studies were undertaken in 
an attempt to confirm these findings in an animal model of 
therma injury, and to examine the role of prostaglandin E, 
(PGE,) in the observed changes in IL-2 production. 


MATERIAL AND METHODS 
Animals 


Male A/J mice aged 9 to 10 weeks were anesthetized with an 
intraper toneel injection of 1.25 to 1.5 mL of pentobarbital sodium 
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(55 mg/kg) diluted in 0.9% saline. The dorsum was then shaved 
with a fine animal clipper and the animals were randomized to 
either thermal or sham-injury groups. Sham-injured or control 
animals were allowed to recover without further disturbance. The 
dorsum of the thermal-injured group was exposed to water at 90°C 
for 9 s. Preliminary studies showed that this produced a full- 
thickness burn, as demonstrated by both healing of the wound and 
histological findings, that occupied between 22.5% and 25% of total 
body surface area. “Normal” animals used in each experiment 
consisted of undisturbed littermates. Both sham- and thermal- 
injured groups consisted of ten surviving mice and were compared 
with six normal mice. All animal procedures were in accordance 
with the Public Health Service Policy on the Humane Care and Use 
of Laboratory Animals, and the project was approved by the 
Committee on Aniamls of Harvard Medical School, Boston. 
Preparation of Lymphocytes 

After the animals were killed by cervical dislocation, the spleens 
were removed by aseptic techniques and placed individually into 
tissue culture dishes containing tissue culture medium (RPMI 1640 
with 1% antibiotic/antimycotic mixture of 10 000 units/mL of peni- 
cillin, 10000 g/mL of streptomycin, and 25 pg/mL of amphoteri- 
cin B, plus 2 mmol/L of glutamine, 1% HEPES buffer, and 
5x107 mol/L of 2-mercaptoethyl alcohol). The spleens were teased 
apart to yield a cell suspension, which was washed twice and then 
suspended in 2 mL of culture medium with 5% heat-inactivated 
fetal calf serum (FCS). The true mononuclear concentration was 
determined on a hemocytometer, and the cells were suspended at 
2x 10°/mL in medium with FCS. 


IL-2 Production and Measurement 

The assay of Gillis and colleagues® was adapted to assay murine 
IL-2. In outline, IL-2 production was stimulated by the T-cell 
mitogen concanavalin A (Con A), and the amount determined by 
the response of the IL-2—dependent cell line CTLL-2 was com- 
pared with a standard preparation. This standard solution was 
prepared from pooled lymphocytes from A/J mice, stimulated for 
24 hours with Con A, 0.5 pg per well, and the resulting superna- 
tants were collected and stored at —80°C until use. In each 
experiment lymphocytes at 210°/mL from each animal were 
stimulated with 0.5 ug of Con A per well and incubated for 24 hours 
at 37°C in air and 5% carbon dioxide. The supernatants from 
quadruplicate cultures were pooled and stored at —80°C until 
tested. Serial twofold dilutions of each test supernatant and 
standard solution in complete tissue culture medium were made on 
microculture plates, and 100 uL of CTLL-2 cells at 6 to 7 x 10*/mL 
was added. The cells were incubated for 24 hours, 1 aCi (0.037 
MBq) of tritiated thymidine was added for the final four hours, and 
cell division was terminated by freezing. Labeled cells were 
harvested, and the incorporated radiolabel was determined. 

The IL-2 content was calculated using a microcomputer pro- 
gram. The standard preparation is assumed to have a concentra- 
tion of 1 U/mL of IL-2, and the concentration in test solutions is 
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calculated with reference to this. Since normal animals were 
included in each experiment, the percentage difference (or sup- 
pression) of IL-2 concentration between each thermal or sham- 
injured animal compared with IL-2 production by normal animals 
could be calculated using the following formula: suppression 
% = 100 —{[IL-2 (U/mL) in each experimental animal]/[mean IL-2 
(U/mL) of all normal animals] x 100}. This method of analysis not 
only controlled for interassay variation but also permitted any 
changes due to the sham injury to be detected. 


Inhibition of Prostaglandin Synthesis 


The effects of indomethacin and flurbiprofen on IL-2 production 
and lymphoeyte blastogenesis were studied. Preliminary experi- 
ments determined the optimal concentration in tissue culture of 
each agent (water-soluble indomethacin, 0.2 g/mL; flurbiprofen, 
1 pg/mL), and complete culture medium was prepared so as to 
achieve these concentrations. The effect of both agents on lympho- 
cyte blastogenesis was determined in triplicate on the same culture 
plates as assays performed in their absence, and the percentage 
increase was calculated with reference to these control cultures. 
The effects of indomethacin and flurbiprofen on IL-2 production 
was determined in a similar manner. 


Effects of Exogenous PGE, on 
Lymphocyte Blastogenesis 


Phytohemagglutinin (PHA) was used to induce lymphocyte blas- 
togenesis at 0.5 ug per well. The PGE, was prepared from a stock 
solution of 1 mg/mL (8 x 10-* mol/L) in ethyl alcohol and diluted in 
culture medium containing FCS to achieve concentrations in cul- 
ture of 3 x 10-°, 3x 1077, and 3 x 107° mol/L. At such dilutions, ethyl 
alcohol has been shown to have no effect in tissue culture.’ In each 
experiment involving the addition of PGE,, indomethacin was 
present at 0.2 g/mL to prevent de novo production of endogenous 
PGE,. Lectin-free IL-2 was added in 20-uL volume containing 
approximately 8 units as defined by the manufacturers. 

We added 2 x 10° splenocytes in 100 uL of complete culture me- 
dium to 96-well flat-bettcmed microtiter tissue culture plates. For 
each animal the following assays were performed in triplicate: lym- 
phocytes plus PHA; lymphocytes plus PHA and IL-2; lymphoeytes 
plus PHA and indomethacin; lymphocytes plus PHA, indometha- 
cin, and PGE, at 3x10~®, 3x 10-7, and 3x107° mol/L; and lympho- 
cytes plus PHA, indomethacin, PGE, at 3 x 10- mol/L, and IL-2. 
Cells were incubated im air and carbon dioxide at 37°C for 48 hours 
with the addition of tritiated thymidine (1 wCi [0.037 MBq]/mL) for 
the final 16 hours of the assay. Plates were frozen until harvested, 
and tritiated thymidine uptake was determined. 


Effect of PGE, on IL-2 Production 


The IL-2 production was stimulated and measured in the man- 
ner described above. For each animal the following measure- 
ments were made: IL-2 production; IL-2 production in the pres- 
ence of indomethacin; and IL-2 production in the presenee of 
indomethacin and PGE, at 3x10-*, 3x10~’, and 3x10-® mol/L. 
Quadruplicate cultures were pooled and the supernatants frozen at 
— 80°C until the IL-2 content was determined. The percentage 
suppression of IL-2 production caused by the addition of PGE, was 
calculated with reference to the cultures containing indomethacin. 


RESULTS 
IL-2 Production by Splenocytes From 
Thermally Injured and Control Mice 


When the production of IL-2 was expressed in units per 
milliliter, analysis revealed a reduction in lymphocyte IL-2 
production 3, 5, and 7 days following thermal injury in 
comparison with the sham-injured group. Thereafter, IL-2 
production was similar in all groups (Fig 1). There were no 
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Fig 1.—Production by splenocytes of interleukin 2 (IL-2) following 
thermal injury and sham injury (control), and in normal animals 
incluced in each assay. Asterisk indicates P<.05, burn vs control 


group: 


apparent differences among the three groups one day 
following injury. At three days, IL-2 production by lympho- 
cytes from thermally injured animals was significantly less 
than that from controls (mean+SEM: thermal injury, 
0.33=0.025 U ‘mL; sham injury, 0.43+0.04 U/mL; by 
t test, P=.04). Five days following injury, overall IL-2 
production in the burned group was less than that in 
controls; however, there was considerable variation within 
the group, and the difference failed to achieve statistical 
signi‘icance (thermally injured, 0.7+0.05 U/mL; sham in- 
juried, 0.98+0.16 U/mL; by t test, P=.12). At seven days, 
the difference in IL-2 production was profound and clear- 
cut thermal injury, 0.69+0.05 U/mL; sham injury, 
1.29 = 0.13 U/mL; by t test, P=.001). 

There was considerable day-to-day variation in the 
amount of IL-2 produced in culture (Fig 1). To control for 
this, zhe percentage change in IL-2 production, or suppres- 
sion, was calculated for both the thermally injured and 
shanrinjured animals by reference to the normal animals 
included in each assay. The difference between the two 
groups was analyzed using the Mann-Whitney U test; in 
addition, Wilcoxon’s test was used to determine whether 
the suppression observed in each group was significantly 
greater than zero (Table 1). 

Percentage suppression was significantly greater in the 
thermally injured group than in the sham-injured group 
after seven days. Although the suppression in the burned 
group after three and five days was significantly greater 
than zero, the differences between the two groups did not 
achieve statistical significance (by Mann-Whitney U test, 
P=. and .32, respectively). 


E-fects of Inhibitors of Prostaglandin Synthesis 


The addition of indomethacin or flurbiprofen to tissue 
culture in general enhanced IL-2 production, and the more 
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Table 1.—Percentage Suppression of interleukin 2 Production by Thermal and Sham Injury 


Suppression, Days After Injury 





Sham injury 












*By Wilcoxon's test. NS indicates not significant (P>.05). 
+By Mann-Whitney U test. 


suppressed the production, the more it was enhanced by 
these agents. However, this effect was not always seen, and 
the percentage enhancement within each group was highly 
variable. On day following injury there were no apparent 
differences in the effect of either agent among the three 
groups. Three days after injury, the addition of flurbiprofen 
abolished the difference between the burn and control 
groups (mean+SEM IL-2 production: sham injury, 
0.43+0.4 UmL; thermal injury, 0.33 +0.02 U/mL; plus 
flurbiprofen, 0.39+0.05 U/mL). Similar effects were ob- 
served five Gays after injury. 

The most «lear-cut data were obtained seven days after 
injury, wher IL-2 production was most suppressed (Table 
2), Both:indomethacin and flurbiprofen almost doubled IL-2 
production. in she presence of indomethacin there was no 
longer any sinificant difference between thermally injured 
and sham-in ur2d groups, and the percentage increase in 
IL-2 production due to indomethacin was significantly 
greater in the burn group. The increase with flurbiprofen 
was also greater in the burn than sham-injury group. 
Although IL-2 production in the presence of flurbiprofen 
was still less in the burn group, the amount produced was 
similar to that in cultures from control animals without 
flurbiprofen: ir other words, both agents appeared to 
restore IL-2-preduction in the burn group to contro! levels. 


Effects of PGE, on Lymphocyte Blastogenesis 


To confirm the potential role of PGE, in the immunosup- 
pression seen following injury, further studies were per- 
formed on snimals seven days after thermal and sham 
injuries indweed in the manner described. The effects of the 
addition of exogenous PGE, on lymphocyte blastogenesis in 
response to PHA was examined in cultures where de novo 
PGE, produ:tien was inhibited by indomethacin. The per- 
centage sup>ression of the response to PHA by PGE, was 
calculated witk reference to simultaneously studied cul- 
tures containing indomethacin. Although the mortality and 
recovery frem injury was similar to that observed and 
reported in srevious experiments (J.J.W., M.L.R.,J.T.G., 
J.A.M., unpublished data, 1984), the mitogen responses 
were consideradly less than previously observed in our lab- 
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Mean + SEM —17.8+15.5 9.7+8 —12.6+18.6 —11.4+11.4 —1.4+12.2 25.9+ 10.1 16.8+9.8 

Median —20 2 4.3 -9 8 34 23.5 

pe NS NS NS NS NS NS NS 
Thermal injury 

Mean + SEM —0.4+14.5 30.9+5.3 19+5.5 41.6+6.4 —6.6+8.6 —8.8+9.5 20+4.3 

Median 8.5 33 20.5 38 3 -1.5 20 

Pe NS .008 02 .006 NS NS .008 
Thermal vs shar injury 

NS NS NS .002 NS .02 


14 21 





oratory (Table 3). Thermal injury suppressed the response 
to PHA but with a wide variation within each group, and 
these differences were not statistically significant. As ex- 
pected, the addition of PGE, suppressed the PHA response 
in all groups. However, following thermal injury the effect 
was consistently greater than the following sham injury. At 
3x 10-7 and 3X 10-® mol/L concentrations of PGE,, signifi- 
cantly greater suppression occurred in the burn group than 
the control group, and at 3 x 107° mol/L the difference just 
failed to achieve statistical significance (P = .058). 

The addition of IL-2 considerably enhanced the PHA 
response in all animals; however, the response was still 
significantly less in the burn group than in either the control 
or the normal mice (mean + SEM: burn group, 15 309+ 9200 
counts per minute [cpm]; controls, 26 027 + 2630 cpm; nor- 
mal group, 21556+1816 cpm; burn group vs controls, 
P=.0037; burn group vs normal group, P= .015). In the 
presence of IL-2, indomethacin enhanced the response 
more in thermally injured than in sham-injured animals 
(burn group, 89.8% + 1%; controls, 35.7% + 8.9%; P =.004) 
so that after the addition of both indomethacin and IL-2, 
there was little difference between the groups. These 
assays were repeated with another group of animals and the 
results were confirmed. 


Effect of PGE, on IL-2 Production 


Lymphocytes from the same animals were studied seven 
days following sham and thermal injury to examine the 
effect of exogenous PGE, on IL-2 production. Again, endog- 
enous production of PGE, was blocked by indomethacin. 
Due to presumed differences in tissue culture conditions, 
IL-2 production was considerably less than that seen in 
previous experiments, and, although IL-2 production was 
overall less in the thermal-injury group, the difference 
between the two groups was small and did not achieve 
statistical significance. 

The addition of PGE, inhibited IL-2 production in all 
three groups of animals studied, including normal mice. 
However, percentage inhibition of IL-2 production by PGE, 
was clearly greater in the thermal-injury group at all 
concentrations employed (Fig 2). Although this difference 
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Median 0. 1.34 





Median 2417 37 


hw 
With Indomethacin 


Production 


Sham injury 
Mean + SEM 1.29+0.13 1.5+0.113 
Median 1.27 1.6 
Thermal injury 
Mean +SEM 0.69+0.05 1.36+0.18 


7 
Thermal vs sham injury, P* .002 NS 01 01 NS 


*By Mann-Whitney U test. NS indicates not significant (P>.05). 


Table 3.—Effect of Prostaglandin E, (PGE.) or Lymphocyte Blastogenesis 


% Change With 
PHA, cpm* Suppression, % Indomethacir 3x10-6 3x107 3x10- 
Sham injury 
Mean + SEM 4574 + 1104 — 19+ 28.7 —12+8.5 29.4+7.7 20.4+7.3 2.6+8.5 
Median 3394 11.8 —18 27.2 22 1.0 
Thermal injury 
Mean + SEM 2957 +561 22.8 +14.5 15.3+23 49.4+6.6 40.8+6 28.4 + 6.6 


7.3 46.5 35.8 
NS NS 


23 
Thermal vs sham injury, Pt NS NS .03 .024 










IL-2, U/mL 





With Flurbiprofen 











Production 





% Increase % Increase 







23.8 + 12.7 2.08 +0.25 63.8 + 14.8 
20.7 2.06 50.1 
94.6 +21.3 1.235 +0.14 86.3 + 23.8 






89.1 1.35 61.2 









% Suppression With PGE, by Concentration, mmol/L 
P 











*Phytohemagglutinin (PHA)—stimulated counts per minute (cpm) minus background com. 


tBy Mann-Whitney U test. NS indicates not significant (P>.05). 


was seen consistently, at no concentration was statistical 
significance achieved at the .05 level, due to the wide 
variation within each group. However, when tests for out- 
liers were applied, the two lowest values for the thermal- 
injury group at 3 x 10-7 mol/L of PGE, could be eliminated as 
outliers, and the difference between the groups was then 
statistically significant (median percentage suppression by 
PGE-,: 51% in thermal-injury group and 33% in controls; by 
Mann-Whitney U test, P = .013). 


COMMENT 


These studies were undertaken in an attempt to verify 
our findings of reduced IL-2 production in lymphocytes 
from patients after major thermal injury. The model used 
in these studies is similar to that described by several other 
groups," and its validity as a model for the study of 
immunologic changes following major injury was confirmed 
by the finding of reduced lymphocyte blastogenesis in 
response to the T-cell mitogens PHA and Con A (J.J.W., 
M.L.R., J.T.G., J.A.M., unpublished data, 1984). Having 


re _ adapted the assay of Gillis and colleagues® for the produc- 


tion and measurement of murine IL-2, we performed serial 
studies of IL-2 production in this model and a reduction 
demonstrated 3, 5, and 7 days following thermal injury. This 
reduetion was maximal at seven days, and thereafter IL-2 
production was similar to that of controls and normal mice 
studied in each assay. Sham injury had no apparent effect on 
IL-2 production within the first ten days of the study. 
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The findings of reduced production of IL-2 by lympho- 
cytes from patients after major injury was therefore con- 
firmed. The decrease observed in patients was in part 
dependent on the extent of the injury, being most profound 
and p2rsistent in those with burns covering greater than 
30% of total body surface area. In this animal model, 
however, the largest burn that could be achieved con- 
sistently with acceptable mortality was 25%. This may 
explain the more transient reduction in IL-2 production 
seen in these animal studies. The other important differ- 
ence zhat may be relevant is that human studies were 
performed with peripheral-blood lymphocytes or mono- 
nucleer cells, whereas these animal studies used the spleen 
as the source of lymphocytes. 

The crucial role of IL-2 in cellular immune processes has 
been realized only comparatively recently. The expansion of 
a T-cell clone requires the expression of IL-2 receptors on 
the cell surface and the binding to that receptor of IL-2.” 
These IL-2 receptors have been identified on a variety of 
lymphocytes, and the production of IL-2 is seen as crucial to 
the regulation of both cellular cytotoxic effects and anti- 
body production.” 

Several of the immune processes known to be impaired 
after major injury are now known to be at least in part IL-2 
dependent: T-cell mitogen responses,’ the rejection of 
allogeneic skin grafts,“ delayed-type hypersensitivity skin 
tests," mixed lymphocyte culture responses,’ interferon 
production,” and natural killer cell function.” Antonacci 
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Fig 2.—Percentage suppression of interleukin 2 production by 
addition of prostaglandin E, (PGE,) at three concentrations in mice 
after thermal injury and sham injury (control), and in normal mice. 
Data fram each animal are plotted individually; horizontal bar 
indicates median for each group. 


and colleagues” have shown that the impaired autologous 
mixed -ymphocyte reaction seen in burned patients can be 
restored by the addition of IL-2. We have also observed that 
reduced antibody production in burned patients is associ- 
ated with impaired production of IL-2.” 

Several studies have implicated a role for the products of 
arachiaonic acid metabolism in the regulation of immune 
processes. In particular, physiological concentrations of 
PGE, kave been shown to inhibit most in vitro manifesta- 
tions of T-cell function including mitogen-stimulated lym- 
phocyte blastogenesis, the response to soluble antigen, the 
generation of eytotoxic cells, lymphocyte migration, and 
lymphekine preduction, including IL-2. Although the phys- 
iological relevance of these reactions is unknown, PGE, has 
been ssown to induce the presence of a suppressor cell that 
acts by reducing IL-2 production. Apparently PGE, does 
not impair IL-2 receptor expression.” 

Two approaches were used to study the role of PGE, in 
IL-2 production in this animal model. First, two inhibitors 
of PGE, production—indomethacin and flurbiprofen—were 
added to cultures assayed for IL-2 generation. Although 
the effects of these agents were somewhat variable 
throughout the study, reflecting in part their mherent 
instability in culture, when IL-2 production was most 
suppressed (seven days following thermal injury) both 
agents preduced a substantial increase in IL-2 preduction 
up to control levels (Table 2). Both agents inhibit the 
production of several biologically active metabolites of 
arachidonic acid as well as PGE,; therefore, further experi- 
ments were performed in which the effects of the addition of 
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exogenous PGE, to lymphocytes from animals seven days 
after injury were examined. Unfortunately, in these experi- 
ments rather limited control mitogen responses and IL-2 
production was seen. However, when outliers were elimi- 
nated, PGE, inhibited IL-2 production significantly more in 
burned animals than in controls. 

We have suggested that the reduction in lymphocyte 
blastogenesis seen following injury is due to a reduction in 
IL-2 production. This question was examined here by the 
addition of purified exogenous IL-2 to lymphocytes stimu- 
lated by PHA. Lymphocyte blastogenesis in both thermally 
injured and sham-injured groups was significantly en- 
hanced by the addition of IL-2; however, the presence of 
indomethacin was required before the differences between 
the groups was abolished. Since IL-2 production is only one 
of several events that contribute to the PHA response, it is 
not surprising that additional factors besides a reduction in 
IL-2 production are involved in the immunosuppression 
seen following injury. Nevertheless, these experiments 
confirm that IL-2 production is reduced following major 
injury and furthermore suggest that a PGE,-mediated 
phenomenon is involved in this reduction in IL-2 produc- 
tion. 
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Discussion 


Mark L. JORDAN, MD, Toronto: This study of thermal trauma in 
a murine model once again shows that major injury may be 
associated with defective cellular immune responses. Dr Wood and 
his colleagues extend these observations by showing that de- 
pressed in vitro IL-2 production by splenocytes from burned 
animals can be abrogated by cyclooxygenase inhibition. They 
therefore conclude that prostaglandins may in part mediate this 
phenomenon. 

I have several methodologic questions. The survival of the 
animals in the burned group was not mentioned. This could 
contribute to the specific responses observed. Also, was there any 
change in the animals’ weight of fluid status subsequent to the 
injury? In aceordance with this, did any of the burns become 
infected as a result of the trauma? Second, in this study, splenocyte 
IL-2 productien was assessed from undisturbed, sham, or burned 
animals. As pointed out by Dr Wood, there was a large degree of 
variation in baseline IL-2 production on various days. Could the 
authors comment on how this might have influenced their results? 
Variations in IL-2 production from a bulk in vitro splenocyte 
preparation could be due to alterations in the relative proportion of 
T cells in the different groups. Have the authors had the opportu- 
nity te analyze the effects of thermal injury on the size and 
particularly the cellular composition of the spleens in these ani- 
mals? In addition, peripheral blood may have yielded differential 
cell counts that would have corroborated some of the results the 
authors observed in vitro. 

Prostaglandin E, is a well-known inhibitor of many in vitro T-eell 
functions, including both the production of and response to IL-2. 
The authors eonvincingly show that indomethacin reversed the 
depressed in vitro IL-2 production by splenocytes on day 7 after 
burn. Do the authors have any direct evidence of increased in vivo 
or in vitro synthesis of PGE, in the burned animals? For example, 
have they assayed splenocyte preparations for PGE,? The fact that 
flurbiprofen also produced enhanced IL-2 production in the control 
groups supports the idea that PGE, may act as an endogenous 
regulator in this model, even in the absence of trauma. 

One explanation for the observed decreases in IL-2 production 
that the authers may have already entertained is modulation of 
interleukin 1 (IL-1) synthesis by the macrophage component of the 
splenocyte population. Kunkel has shown that PGE, is a potent 
inhibitor of IL-1 production by activated macrophages. Have the 
authors assayed their preparations for IL-1 activity? Alternatively, 
have they attempted to reconstitute IL-2 production in the burn 
group by the addition of exogenous IL-1? 

We have heard in the paper that prostaglandins seem to be 
involved in immune suppression, but another pathway has recently 
been shown to have importance, and that is the lipooxygenase 
pathway, which results in the production of the leukotrienes. 
Braquet from France has shown that increased circulating levels of 
leukotriene B,are present after thermal injury in humans, and that 
persistent elevations positively correlate with patient survival. We 
have found that leukotriene B, does in fact enhance IL-2 production 
and the response to IL-2 in a variety of T-cell clone populations. 

I wonder if the authors, on the basis of these observations with 
the lipooxygenase products, could speculate with regard to the 
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role of other arachidonic acid metabolites in their model. 

I would like to commend the authors for showing once again that 
arachidonic acid metabolism is an important regulatory component 
of the inmune response. 

GEOEGE H. A. CLowEs, JR, MD, Boston: I wonder if Dr Wood’s 
results are related to a nonspecific phenomenon involving many 
other cell types. The previous discussant suggested that pos- 
sibility. 

We know, for example, that IL-1 function is mediated by several 
prostaglandins, and that one can inhibit it by incubating a given 
tissue with indomethacin before exposing it to IL-1, for example, 
muscle. On the other hand, if one adds it after the IL-1 has been 
added, muscle performs as it should in the septic state. 

This s merely an example to ask the authors to dilate a little 
farther on the role of IL-1 in this phenomenon, because all the 
simplifizd diagrams we have suggest that IL-1 turns on the T4 
cells, and what they are showing us is that the T4 cells are 
suppressed in making IL-2 if one looks at the usual burn injury. On 
the other hand, they showed that it is improved with indomethacin. 
Therefare, I wonder what the possible role of IL-1 in this may be. 

Dr Woop: Dr Jordan asked some methodologic questions. The 
mortali-y in the animals was approximately 10%, the same in both 
groups of animals. The weight loss was approximately 1 g per 
animal at 14 days in the burn group only. This clearly raises a 
question as to whether we may be seeing a nutritional effect. 
However, studies have shown that starvation of animals much in 
excess ef this does not have particularly profound effects on the 
immune functions we have been looking at, so I do not feel this is 
the cause of what we are seeing. 

Dr Jordan also asked whether we saw any infection. We did see 
some b.rn-wound infections at 21 days, and our data at 21 days are 
extremely bizarre. Unfortunately, we were so anxious to proceed 
with th2se experiments that we did not look in detail at these 
infections, so I can’t document that. We have not discussed our data 
at 21 deys very much, for these reasons. We find it difficult to 
interpret, and we have no hard evidence. 

I thirk the day-to-day variations are due to the intrinsic prob- 
lems of measuring IL-2 and the problems we have in maintaining 26 
separate populations of splenocytes in culture for the hours re- 
quired to set up these experiments, not to mention the sensitivity 
of the CTLL cells when we come to assay them. This is the reason 
we inclided the normal animals in the study and measured 
percentage changes. I am sure the spleen cell population changes 
in these compositions. However, we have not examined that. We 
did attempt to do some T-cell marker monoclonal antibody experi- 
ments im this model, but we found these difficult and we did not get 
any definite conclusions from them. We attempt to assay for 
prostag andin in our cultures, because at the time that assay was 
not available in the laboratory. 

Dr Jerdan’s final comment about leukotriene B, is a most 
interesting one. We were not aware of those data, but we certainly 
had in mind that possibly we were seeing an overspill effect on 
different parts of the arachidonic acid pathway, and therefore we 
did the separate experiments of adding the agent that we thought 
may be responsible, the PGE,. That is why we added it ex- 
ogenously to try to demonstrate that this was the part of the 
pathway involved, rather than an overspill effect into the others. 

I quit agree that we should do experiments adding exogenous 
IL-1 to see if we could reconstitute the response, but those 
experiments have yet to be done. I do not know what the role of IL-1 
is. We Fave not examined it in these animal preparations partly 
because we are not sure what is the best assay at this stage. When 
we did examine IL-1 in human burned patients, we found no 
significent changes, so I think the whole question of IL-1 is still 
open. 
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, Endotoxin Promotes the Translocation 
of Bacteria From the Gut 
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Edwin A. Deitch, MD; Rodney Berg, PhD; Robert Specian, PhD 


e Experiments were performed in mice to determine whether 
endotoxin could cause bacteria normally colonizing the gut to 
spread systemically, a process termed bacterial translocation. 
Endotoxin given intraperitoneally promoted bacterial trans- 
location in a dose-dependent fashion from the gut to the 
mesenteric lymph node (MLN). The incidence of bacterial 
translocation to the MLN was similar whether the endotoxin 
was administered intramuscularly or intraperitoneally, al- 
though the number of bacteria colonizing the MLN was greater 
with intraperitoneal endotoxin. The incidence and magnitude 
of endotexin-induced bacterial translocation were similar be- 
tween CD-1 and C3H/HeJ (endotoxin-resistant) mice, indicat- 
ing that bacterial translocation is not prevented by genetic 
resistance to endotoxin. Thus, it appears that the gut may 
serve as a reservoir for bacteria causing systemic infections 
during endotoxemia. 

(Arch Surg 1987;122:185-190) 


he intestinal mucosa is a major barrier that functions to 

prevent bacteria colonizing the gut from invading sys- 
temic organs and tissues. Under certain conditions, bacte- 
ria normally confined to the gastrointestinal (GI) tract can 
cross this mucosal barrier and appear in the mesenteric 
lymph nedes (MLN) and other organs, a process termed 
bacterial translocation. Factors that promote the trans- 
location of baeteria from the GI tract include disruption of 
the ecology of the indigenous GI microflora leading to 
bacterial overgrowth,*® impaired host immunity,°’ and 
physical disruption of the gut mucosal barrier.” These 
experimental observations may be of clinical importance 
since life-threatening infections from gut-associated bacte- 
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ria have been documented in patients with cancer receiving 
chemotherapy,’ granulocytopenic patients,” bone marrow 
recipients,” burned patients,”"* and patients developing 
multiple-organ-system failure.” The common thread that 
unites these disparate groups of patients is an immu- 
nocompromised state associated with therapeutic regimens 
that also may disrupt the normal ecology of the indigenous 
microflora of the GI tract. 

Since endotoxin may increase the permeability of the gut 
mucosa to bacteria,” may impair host immune defenses,” is 
common after thermal” and mechanical” trauma, and is 
associated with conditions leading to multiple organ fail- 
ure,” we determined whether endotoxin challenge could 
promote bacterial translocation from the gut. 


MATERIALS AND METHODS 


Specific pathogen-free, outbred mice (strain Crl:CD-l 
[ICR]BR) obtained from our breeding colony were used in these 
experiments. Genetically endotoxin-resistant C3H/HeJ mice and 
endotoxin-sensitive C3HeB/FeJ mice were also obtained. Female 
mice, 2 to 3 months of age, with stable indigenous GI tract flora 
were housed under barrier-sustained conditions with controlled 
temperature (22°C), humidity, and lighting as previously de- 
scribed.’ 

Lipopolysaccharide from Escherichia coli 026:B6 was dissolved 
in normal saline to the desired final concentration for each experi- 
ment. One milliliter of the endotoxin solution was injected in- 
traperitoneally (IP), intramuscularly (IM), or subcutaneously 
(SC). The animals were observed twice daily for signs of toxic 
effects (inactivity, ruffled fur, or conjunctivitis) and death. 


Testing for Translocation of Indigenous Bacteria 


Mice were anesthetized with chloroform, and the blood was 
obtained by heart puncture. An incision was then made with sterile 
instruments through the skin and peritoneum of the abdomen. The 
MLN, spleen, and liver were removed and weighed, and each was 
placed in grinding tubes containing sterile tryptic soy broth. 
Portions (0.2 mL) of the MLN, spleen, and liver were plated on 
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MacConkey’s agar to culture gram-negative enteric bacilli, on 
blood agar to culture gram-positive cocci, and on selective agar to 
culture lactobacilli. A portion of the MLN homogenate (0.1 mL) 
and blood were plated inside an anaerobic glove box onto pre- 
reduced enriched tryptic soy agar designed to support the growth 
of strictly anaerobic bacteria of the indigenous GI tract flora. The 
gram-negative enteric organisms were identified with an enteric 
(API 20E) identification system and gram-positive cocci and 
lactobacilli by standard procedures.” The cecum was removed from 
the mice inside the anaerobic glove box after the blood, MLN ; 
spleen, and liver had been removed and processed as previously 
described.” The population levels of the various bacteria were 
calculated per gram of organ or per whole MLN. 


Histologic Analysis 


After tissue was taken for determination of bacterial levels, 
samples of terminal ileum and cecum were removed for histologic 
analysis. The tissue was fixed by immersion in 0.1 mol/L sodium 
cacodylate—buffered 2.5% paraformaldehyde-2.5% glutaralde- 
hyde solution for three hours at room temperature. The tissue was 
sectioned to 4- to 6-mm pieces, dehydrated to 95% ethyl alcohol, 
and embedded in methyl metacrylate. Sections 1 to 2 um thick were 
prepared with glass knives and stained with methylene blue-basic 
fuchsin. The sections were observed and photographed on a 
research microscope. 


Statistical Analysis 


Data analysis was performed on a microcomputer using a 
statistical program package. Translocation incidences (discon- 
tinuous data) were evaluated by y? analysis with Yates’ correction 
factor or Fisher's exact test. Continuous data were analyzed by 
unpaired Student's t test. Probabilities less than .05 were consid- 
ered significant. 


% Translocation 


1.0 2.0 


Dose of Endotoxin, mg 


Fig 1.—Incidence of bacterial translocation to mesenteric lymph 
node in CD-1 mice receiving doses of endotoxin ranging from 0.1 to 
2 mg intraperitoneally. 


186 Arch Surg—Vol 122, Feb 1987 








RESULTS 


The incidence of bacterial translocation to the MLN was 
directly related to the dose of endotoxin administered IP; 
88% of the mice that received 2 mg of endotoxin exhibited 
viable bacteria in their MLNs (Fig 1). Although endotoxin 
promoted bacterial translocation to the MLN of some of 
these mice, IP endotoxin at the doses administered did not 
cause the translocated bacteria to spread from the MLN to 
the liver, spleen, peritoneum, or blood. The animals that 
received 1 or 2 mg of endotoxin soon beeame lethargic, and 
their eyes closed and their fur became ruffled. However, by 
the second day after administration of endotoxin the ani- 
mals were alert and active, 

To determine whether the route of endotoxin administra- 
tion was a factor in translocation, endotoxin (2 mg) was 
administered IP, IM, or SC, and 24 hours later the mice 
were killed. Both IM and IP administration, but not SC 
administration, promoted bacterial translocation to the 
MLN (Table 1). The incidence of translocation to the MLN 
was similar whether the endotoxin was administered IM or 
IP, although mice receiving endotoxin IP had higher levels 
oè translocated bacteria per MLN than did mice receiving 
endotoxin IM (P<.05). The various groups of bacteria 
translocating to the MLN were identified with the use of 













Table 1.—Effect of Route of Endotoxin Administration on 
Translocation of Indigenous GI Tract Bacteria in CD-1 Mice* 


Route Incidencet Concentration+ 
iP 31/40§ 278 + 64§|| 
M 13/21§ 89 +24§ 


*GI indicates gastrointestinal; IP, intraperitoneal: IM, intramuscular; and 






SC, subcutaneous. 

tincidence of bacterial translocation to mesenteric lymph node, expressed 
as number positive/number tested. 

¢Celany-forming units of bacteria per mesenteric lymph node, expressed 
as mean+SEM. 

§P<.01 vs control or SC endotoxin. 

||P<_05 vs IP endotoxin. 





Table 2.—Incidence and Magnitude of Bacterial Translocation 
in CD-1 Mice Receiving 2 mg of Endotoxin IP* 









Incidencet Concentrationt 









—_—_uwweucwwwm 

Bacterial Group§ IM IP P|| IM IP P 
Gram-negative 

enterics 8/21 15/40 NS 35+25 192+40 02 
Total aerobes 12/21 23/40 NS 56+16 134+34 .12 
Lactcbacilli 1/21 2/40 NS 5 8+3 NS 

| Total facultative 
anaerobes 5/14 28/40 .05 26+10 103+27 .13 









*IP indicates intraperitoneal; IM, intramuscular; NS, not significant. 

tincidence of bacterial translocation to mesenteric lymph node, expressed 
as number positive/number tested. 

¢Colony-forming units of bacteria per positive mesenteric lymph node, 
expressec as mean+SEM. 

§Gram-negative enteric organisms were cultured on selective Mac- 
Conkey'’s agar, total aerobes on blood agar, lactobacilli on selective agar, and 
facultative anaerobes on enriched tryptic soy agar. 

IM vs IP endotoxin groups measured via unpaired t test. 
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selective mediz and were not different between the IM and 
IP groups Table 2). The cecal population levels of the 
enteric bacili were increased 100-fold 24 hours after endo- 
¢ toxin challenge (Table 3). However, by 48 hours after 
endotoxin challenge the cecal population levels ef these 
bacteria were eturning to normal and both the incidence 
and levels o` bacteria per MLN were decreasing (Table 3). 
To deterraine whether the genetic sensitivity or resist- 
ance of mice to an endotoxin challenge would be a factor in 
the promotion of bacterial translocation, the fellowing 
studies were carried out using genetically endotoxin-sen- 
sitive C3HeB/SeJ mice and endotoxin-resistant C3H/HeJ 
mice. Baeterial translocation in endotoxin-sensitive mice 
did not occur spontaneously or when they received low-dose 
endotoxin (9.1 mg) IP. These results suggest that genetic 
, sensitivity so endotoxin is not normally associated with 
spontaneous bacterial translocation from the GI tract. The 
incidence and levels of bacteria translocating to the MLN of 
the endotoxin-resistant C3H/HeJ mice given endotoxin 
(2 mg) IP was not different from the values obtained using 
endotexin-nonresistant outbred CD-1 mice (Table 4). Thus, 
genetie resistance to endotoxin toxic effects was not associ- 
ated with resistance to bacterial translocation induced by 

IP endotoxn. 
In previeus studies using CD-1 mice monoassociated 
with Æ cole C-25, we documented that a vaccine of killed 
Propienibasterium acnes (formally called Corynebacte- 
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Table 3.—Cecal Population Levels of Gram-negative Enteric 
Bacilli and Incidence and Magnitude of Bacterial 
Translocation 24 and 48 Hours After Intraperitoneal Endotoxin 
Administration 











Cecal Translocation 
Population ALN 
Time,h N Levels Incidence* Concentrationt 


0 15 (1+9) x 10° 0/15 AR 
24 9 (4.6+7.2) x 107t 31/40t 278 + 642 
48 9 (1.7+2.5) x 10% 8/23§ 83 + 23§ 


*Incidence of bacterial translocation to mesenteric lymph node, expressed 
as number positive/number tested. 

tColony-forming units of bacteria per positive mesenteric lymph node, 
expressed as mean+ SEM. -4 

+P<.05 vs control. 

§P<.05 vs control or mice 24 hours after administration. 





Table 4.—Bacterial Translocation After Endotoxin 
Challenge in Endotoxin-Resistant vs Outbred CD-1 Mice 


Animal incidence* Concentrationt 


Outbred CD-1 31/40 192+40 , 
inbred C3H/HeJ 12/18 265 +76 


P (t test) 58 44 | 


*Incidence of bacterial translocation to mesenteric lymph node, expressed 
as number positive/number tested. 

tColony-forming units of bacteria per positive mesenteric lymph node, 

expressed as mean+ SEM. f 

| 

| 











=ig 2.—Distal ileum of typical mouse 24 hours after intraperitoneal injection of endotoxin. Left, Bacteria have 

Ex varslocated to mesenteric lymph node, but epithelial barrier is intact and healthy (methylene blue—basic fuchsin, 
\ erig@nal magnification x 425). Right, Sporadic regions of ileum show increased exfoliation and swelling of the lamina | 
sropria in villus tip (methylene blue—basic fuchsin, original magnification x 425). | 
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rium parvum) reduced bacterial translocation to the 
MLN.” Consequently, we tested whether a P acnes vaccine 
could inhibit endotoxin-mediated bacterial translocation. 
Twenty mice received P acnes (1.4 mg) IP one week prior to 
a 2-mg IP endotoxin challenge, while 20 control mice 
received sterile saline IP. All of the P acnes—pretreated 
mice died within 24 hours of receiving the IP endotoxin, 
while none of the szline-pretreated mice receiving endo- 
toxin died (P<.001). Thus, the combination of P acnes 
vaccine and a nonlethal IP dose of endotoxin resulted in a 
lethal insult. 

Histologic evaluation of the ileum and cecum illustrated 
that the majority of the bowel mucosa was intact (Fig 2, 
left), although sporedic areas were identified where the 
lamina propria was edematous or where exfoliation of the 
epithelial cells was increased (Fig 2, right). However, no 
area of ulceration or overt breach of epithelial barrier was 
apparent. 


COMMENT 


The results of these experiments clearly document that 
endotoxin promotes the translocation of indigenous bacte- 
ria from the GI tract to the MLN. These findings are of 
potential clinical significance, since the GI tract has been 
increasingly implicated as the source of bacterial infections 
in immunocompromised,*" traumatized,” and stressed 
patients. A relationship among shock, intestinal ischemia, 
and endotoxemia was first proposed in the 1960s by Ravin 
and Fine,” who postulated on the basis of animal and human 
data that the intestine is the source of endotoxinina variety 
of septic and nonseptic disorders.” 

Our results demonstrating that IP endotoxin promotes, 
in a dose-dependent fashion, the translocation of certain 
members of the indigenous bacterial microflora from the GI 
tract to the MLN extend these observations. Endotoxin- 
mediated bacterial translocation is short-lived, however, 
since by 48 hours after endotoxin challenge the incidence 
and levels of bacteria translocating to the MLN had de- 
creased. Additionally, since the administration of endotoxin 
is associated with a transitory increase in the cecal popula- 
tion level of the gram-negative enteric bacilli, it appears 
that systemic endotcxemia can result in disruption of the 
indigenous GI tract microflora. The mechanism(s) by which 
endotexin promotes the overgrowth of enteric-bacilli from 
10° to 10°/g of cecum cannot be determined from these 
studies, although it is possible that endotoxin might have 
altered the GI microenvironment to favor growth of certain 
bacterial species by inducing GI tract motility disturbances 
or transient intestinal ischemia. However, the endotoxin- 
induced increase in the cecal population level of the gram- 
negative enteric bacilli does not appear to be sufficient to 
explain their translecation to the MLN.’ Endotoxin-in- 
duced bacterial translocation does not appear to be pri- 
marily related to a direct toxic effect of the endotoxin on the 
epithelial lining of the GI tract, since IM endotoxin also 
promoted bacterial translocation and the serosal and mus- 
cularis layers of the cecum and ileum appeared histo- 
logically normal by light microscopy. 

A relationship among bacterial translocation from the 
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gut, endotoxemia, and sepsis is supported by studies 
documenting that germ-free mice are more resistant to the 
lethal effects of endotoxin challenge than are conventional 
mice harboring indigenous GI tract microflora,” and that 
colonization of the GI tracts of germ-free mice with gram- 
negative bacilli increases their susceptibility to the lethal 
effects of endotoxin. Endotoxin could promote bacterial 
translocation by impairing host immunity as well as by 
increasing gut permeability.” The site of action of endo- 
toxin en the host immune system has not been clearly 
defined, although endotoxin is known to induce suppressor 
T-cell activation® and interleukin 1 release. However, the 
specific effect of endotoxin on the immune system is diffi- 
cult to predict, since endotoxin can augment or depress 
components of the immune system according to the dose, 
route, and timing of its administration.” 

Since it appears that endotoxin produces its toxic effect in 
vivo by stimulating host cells, especially macrophages, to 
release mediator compounds that act as secondary messen- 
gers to disrupt multiple homeostatic mechanisms, we per- 
formed experiments using endotoxin-resistant C3H/HeJ 
and endotoxin-sensitive C3Heb/FeJ®" mice as “living test 
tubes” to determine whether the genetic sensitivity of the 
animal to endotoxin was related to the incidence or magni- 
tude of endotoxin-induced bacterial translocation. The 
C3H/HeJ mouse strain has been well characterized and 
shown to have a reduced response to endotoxin at moderate 
to high doses compared with normal outbred mice strains, 
such as CD-1 mice, and have thus been labeled endotoxin- 
resistant or hyporesponsive. In contrast, other strains of 
mice, such as C3Heb/FeJ, have an exaggerated physiologic 
response or hyperresponsiveness to endotoxin compared 
with normal outbred mice and thus have been labeled 
endotoxin-sensitive. In the absence of an endotoxin chal- 
lenge, no bacteria were cultured from the MLN , livers, 
spleens, or blood of either the C3HeB/FeJ (endotoxin- 
sensitive) or C3H/HeJ (endotoxin-resistant) mice, suggest- 
ing that spontaneous bacterial translocation does not occur 
in these strains of mice. Also, genetic resistance (C3H/HeJ 
mice) to the systemic effect of endotoxin was not associated 
with protection from endotoxin-mediated bacterial trans- 
location, suggesting that endotoxin does not promote bacte- 
rial translocation primarily by depressing or activating the 
immune system*™” or by triggering increased activity of the 
lymphoproliferative system.” 

Histelogic evaluation of the distal ileum and cecum of 
CD-1 mice receiving endotoxin demonstrated that the 
mucosa remained intact. However, it is possible that Sys- 
temic endotoxin could have impaired the barrier function of 
the gut, since sporadic areas were observed where the lym- 
phatic lacteals of the lamina propria were congested, or 
where mucosal exfoliation was increased. These results are 
consistent with the studies of Walker and Porvaznik,*” who 
documented by freeze-fracture techniques that a lethal 
dose of endotoxin disrupts the intercellular tight junction 
between the intestinal epithelial cells. These lesions could 
possibly increase the permeability of the GI tract to bacte- 
ria or their products. These and other investigators have 
postulated that the endotoxin-induced increase in GI muco- 
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sal permeabil ty is due to the local action of humoral media- 
tors acting within the gut wall,” since vasoactive sub- 
stances have keen shown to increase intestinal permeability 
to endotoxin.” In fact, Caridis et al” reported that.in some 
circumstances endotoxemia can become self-sustaining, 
when systemic endotoxin induces the absorption of in- 
testinal endctoxin. The hypothesis that endotoxin in- 
creases gut permeability by inducing an inflammatory 
response in the gut wall mediated by an endotoxin-trig- 
gered release of macrophage factors such as prostaglandin 
E2 and/or interleukin 1,” or by activating the complement 
or coagulation systems,” is not fully supported by our re- 
sults demen.trating comparable bacterial translocation 
after endotomin challenge in both endotoxin-resistant C3H/ 
HeJ mice and endotoxin-nonresistant outbred CD-1 mice. 
That is, endocoxin unresponsiveness did not prevent bacte- 
rial translocation from the GI tract even though C3H/HeJ 
mice do not respond to endotoxin at the dose administered. 
Thus, endotoxin must be able to induce bacterial transloca- 
tion without the necessity of triggering the reticuloendo- 
thelial system (RES). Further work with selective pharma- 
ecologic agents and histopathologic studies will be required 
to separate the systemic and/or immunologic effects of 
endotoxin fram its effect on gut permeability and structure 
to determine the exact mechanism(s) by which endotoxin 
promotes baeterial translocation from the GI tract. 

The empir-c use of immunomodulators to prevent endo- 
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toxin-mediated bacterial translocation is dangerous until 
the underlying mechanisms by which endotoxin induces 
bacterial translocation are understood. For example, by 
using a killed vaccine of P acnes in an attempt to block 
endotoxin-induced bacterial translocation in CD-1 mice, we 
converted a nonlethal dose of endotoxin to a lethal dose. 
Others have shown that C parvum and Calmette-Guerin 
bacillus increase the lethal effects of endotoxin by aetivat- 
ing the host’s macrophage system and RES.“* These 
results suggest that activation of macrophages is respensi- 
ble for the increased sensitivity of C parvum-treated mice 
to the lethal effects of endotoxin. Thus, immunomodulators 
such as P acnes that bolster macrophage or RES aetivity 
could potentiate endotoxic shock and should be used with 
extreme caution. Endotoxin has a wide range of biologic 
actions including the ability to modulate the immune sys- 
tem, increase vascular permeability, impair cellular metab- 
olism and oxygen utilization, initiate disseminated intra- 
vascular coagulation, and produce profound hemodynamic 
changes resulting in hypotension and death. Endotexemia 
is relatively common in immunocompromised, stressed, or 
traumatized patients and can affect GI mucosal integrity, 
increase vascular permeability, and depress host antibac- 
terial defense systems. On the basis of our results it is now 
clear that a nonlethal dose of endotoxin administered IM or 
IP will also promote bacterial translocation from the gut of 
healthy mice with normal indigenous GI tract microflora. 
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Discussion 


RICHARD J. Howanp, MD, Gainesville, Fla: Elaborating on the 
method of endotoxin, are we just seeing a phenomenon of endo- 


toxin shock, and weuld inducing shock by hemorrhage or other 


mechanisms produce the same findings? Certainly, the dose of 
endotoxin used is several logs above what one might expect 
physiologically in septic animals or patients. 

Dr Brook, Bethesda, Md: I wonder if you have looked at the 
effect of endotoxin on the anaerobic and aerobic gut flora. Because 
of their inverse relationships. the overgrowth of aerobes may occur 
when anaerobes are depleted. What organisms did you recover? 
Did you isolate enteric organisms? Did you get anaerobes? Also, 
have you quantified that relationship by obtaining guantitative cul- 
tures? 

STEVE H. DouGHeErry, MD, El Paso, Tex: This question paral- 
lels Dr Howard’s question. I wender if you would comment on the 
role of stress in bacterial gut translocation. Were these animals 
immunosuppressed due to some nonspecific stress effect? For 
example, what does epinephrine do? Dees it promote gut trans- 
location? 

Murray J. Grrorrti, MD, Toronto: I wonder if Dr Deitch’s group 
has looked at the role ef bacterial adherence in addition to defming 
the translocation precess. We have looked at the respiratory tract 
in terms of bacterial adherence during periods of septic shock, and 
have found a marked increase in bacterial adherence for gram- 
negative organisms. Dr Randy Irvine in our group has been very 
interested in this and has shown a marked change in viability and 
adherence of gram-negative organisms following an episode of 
sepsis. When the patients are over their septic shock, the ad- 
herence levels fall back to normal. Does the same phenomenon 
occur in the gut? 

Dr Deitcx: It is important to identify the mechanism by which 
translocation occurs. I think it is a multifactorial mechanism, and 
that no one defect will fully account for it. 

For example, there is evidence that tight junctions between the 


190 Arch Surg—Voi 122, Feb 1987 


intestinal epithelial cells are disrupted in animals who develop 
endotexic shock. There is also evidence based on our data, and this 
answers the question of one of the discussants who asked what 
happened to the flora, that the gram-negative enteric population 
levels within the cecum increase by 2 logs in animals receiving 
endotexin; so we have evidence that after endotoxin, the gut flora 
is disrupted. We know that in immune suppressed animals, as well 
as immune suppressed patients, there seems to be a failure to 
either handle bacteria that have translocated or to allow transloca- 
tion te occur. Thus, overall there appears to be at least three 
mechanisms: failure of host immunity, breakdown of mucosal 
barrier, disruption of ecology of the gut flora that may contribute to 
endotexin-induced translocation. 

Whether when host immunity fails, the macrophages may carry 
the bacteria to the MLN, instead of presenting dead bacteria as 
antigen, is an open question. 

About the diet and/or its effect on gut peristalsis, at 24 hours, 
there was essentially no change in these animals. From previous 
work, we know that malnutrition alone will not induce transloca- 
tion; neither will starvation. These animals are not having watery 
diarrhea; they are having formed stools, so we don’t think that 
changes in gut motility are critical factors. 

Dr Howard asked a critical question, and Dr Dougherty agreed 
with it; namely, what is the role of the blood supply to the gut in 
preventing bacteria from crossing the mucosa? I think, from what 
we heard from Dr Wood today, that perfusion injuries are very 
important and that this may well be mediated by oxygen-free 
radicals. We are looking into that now. 

Dr Girotti asked about bacterial adherence. I think adherence 
properties may be different between the lung and the gut since 
there is no normal flora present in the lower respiratory tree to 
prevent adherence of pathogens, whereas in the gut, the normal 
flora appear to limit adherence of potential pathogens to the 
mucosa. So, I think the two systems are different. 
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Kupffer Cell Modulation of the 
Systemic Immune Response 


John C. Marshall, MD, FRCS(C); Chen Lee, MD; Jonathan L. Meakins, MD, DSc, FRCS(C); 
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è The effects of global hepatic injury and of Kupffer cell 
activation on systemic immunity were studied in an in vivo rat 
model, using the diameters of the delayed-type hypersen- 
sitivity (DTH) response to keyhole limpet hemocyanin and of a 
subcutaneous Staphylococcus aureus abscess as measures 
of systemic immunoresponsiveness. Hepatic injury with car- 
bon tetrachloride resulted in significant suppression of the 
DTH score (5.5+0.7 vs 8.8+0.8 mm). Kupffer cell activation 
with intraportal Escherichia coli was likewise suppressive 
(DTH score, 4.4+0.5 vs 6.1+0.4 mm for animals receiving 
systemic E coli); the magnitude of this suppression correlated 
with the mumbers of organisms extracted by the liver. Con- 
versely, Kupffer cell ablation with carrageenan lessened the 
immunosuppressive effects of anesthesia and surgery (DTH 
score, 8.5+0.9 vs 6.8+0.6 mm for controls; S aureus abscess, 
4.1+0.4 vs 5.7+0.4 mm for controls). These results indicate 
that Kupffer cells can modulate the systemic immune re- 
sponse and suggest that gram-negative portal bacteremia with 
resultant Kupffer cell activation may contribute to the immu- 
nologic derangements characteristic of trauma and critical 
surgical iliness. 

(Arch Surg 1987;122:191-196) 


epressed immunologic responsiveness is a prominent 

feature of critical surgical illness,“ and multiple 
organ failure in association with persistent uncontrolled 
infection represents the final common pathway for the 
majority of patients who die. Abnormalities of hepatic 
metabolie function, including altered giuconeogenesis,‘ 
fatty acid metabolism,’ and protein synthesis,’ are common 
in this settmg, and altered hepatic function appears to 
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mediate a number of the remote metabolic manifestations of 
sepsis.’ Although multiple immunologic abnormalities have 
been described in patients with compromised liver func- 
tion," the potential role of the liver in the pathogenesis of the 
immunologic abnormalities of critical illness has received 
little attention. 

Kupffer cells, the fixed tissue macrophages of the hepatic 
reticuloendothelial system, occupy a strategic position in 
relation to the terminal branches of the portal vein, where 
they form the first line of defense against microorganisms, 
endotoxin, and particulate matter absorbed from the gut. 
Their importance as phagocytic cells is well recognized, and 
failure of this function has been implicated in the patho- 
genesis of the syndrome of multiple organ failure.’ As 
macrophages, they are capable of secreting a number of 
mediators with immunoregulatory properties”” and of 
participating in the specific immune response, both 
humoral and cell mediated.”™ 

We previously showed that depressed lymphocyte func- 
tion in critical illness appears to stem from a suppressive 
environment, rather than from intrinsic cellular abnormali- 
ties.” In the present study we sought to determine whether 
liver injury in general, and activation or ablation of the 
Kupffer cell population in particular, could contribute to 
this immunosuppressive environment. 


MATERIALS AND METHODS 
Animals 


Male Sprague-Dawley rats were used throughout. The animals 
were housed two per cage under standard laboratory conditions 
and were allowed food and water ad libitum throughout the 
experiment. 


Assessment of Immune Response 


Global immunologic responsiveness was assessed using the 
delayed-type hypersensitivity (DTH) response to keyhole limpet 
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hemocyanin (KLH)" and the cutaneous response to a local injection 
of Staphylococcus aureus.” After two days of laboratory acclimati- 
zation, and at a mean weight of 140 g, each animal was sensitized to 
KLH by the injection of 1 mg of KLH in complete Freund’s adjuvant 
into a hind footpad. Sensitization of KLH was confirmed two weeks 
later by the intradermal injection of 0.3 mg of KLH in 0.1 mL of 
saline into a shaved flank. The resulting DTH response to KLH was 
expressed as the skin test score, defined as the mean diameter of 
induration at 24 hours.” Recall skin testing was performed prior to 
and at the time of all experimental manipulations. 

Staphylococcus aureus 502A was suspended in saline at a 
concentration of 10° organisms per milliliter, and 10° organisms 
(0.1 mL of bacterial suspension) were injected intradermally into a 
shaved flank at the conclusion of each procedure; the mean 
diameter of the resulting abscess at 24 hours was recorded as the 
abscess score. 

The DTH and S aureus abscess scores were read by a single 
observer, blinded to the study group. 


Global Hepatic Injury 


Carbon tetrachloride (CCl,) was mixed with an equal volume of 
sesame oil and administered by gavage with the animals under 
light ether anesthesia. Tnirty animals (mean weight, 300 g) were 
randomized into groups cf ten and received 1.0 mL of CCL, 0.2 mL 
of CCl,, or 0.6 mL of sesame oil. Slices of liver tissue from two 
representative animals from each group were fixed in buffered 4% 
formaldehyde solution, stained with hematoxylin-eosin, and 
graded blindly using a scering scheme that assessed the degree of 
hepatocellular necrosis (0, no necrosis; 1, <25%; 2, 25% to 50%; 3, 
50% to 75%; and 4, >75%). 

Ischemic injury was induced in 36 animals under pentobarbital 
anesthesia; following systemic anticoagulation with 400 U/kg of 
heparin intravenously, the hepatic artery and portal vein were 
occluded with a bulldog vascular clamp for 15 or 30 minutes to 
produce acute hepatie ischemia. Control animals underwent 
laparotomy and evisceration of the small bowel only. 


Kupffer Cell Manipulations 


Escherichia coli (National Collection of Type Cultures strain 
9001, England) was used to induce Kupffer cell activation; 
\-carrageenan (CAR), a high—molecular weight sulfated polygalac- 
tan that, when taken up by macrophages, produces osmotic 
swelling and cell death, was used to ablate the Kupffer cell 
population. Escherichia coli was grown in brain-heart infusion 
broth to a concentration of 10° organisms per milliliter determined 
spectrophotometrically, then resuspended in sterile physiologic 
saline; the final concentration was confirmed by serial dilution and 
plating onto blood agar plates. Carrageenan was mixed in saline at 
a concentration of 1 mg/mL and sterilized by autoclaving for 15 
minutes. 

At a mean weight of 350 g, animals were matched into groups 
having the same mean preoperative DTH score and underwent 
laparotomy while under intraperitoneal pentobarbital anesthesia 
(45 mg/kg). Study animals received either 10° E coli organisms or 
2.5 mg/kg of CAR by intravenous injection over one minute into the 
portal vein. Control animals received the same dose of EF coli or 
CAR into the infrarenal vena cava, or 1 mL of sterile saline into 
either the portal vein or the inferior vena cava (IVC). Each rat was 
skin tested with KLH and injected with S aureus at the conclusion 
of the operative procedure. 

Quantitative cultures of aortic blood were performed in 24 of the 
animals receiving intravenous EF coli (12 in each group). Two 
minutes after the start of the bacterial infusion, 0.1 mL of blood was 
withdrawn from the distal aorta into 0.1 mL of heparin. Specimens 
were serially diluted in sterile saline and plated in triplicate onto 
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Table 1.—Effects of Oral Carbon Tetrachloride on 
Delayed-Type Hypersensitivity (DTH) Score and 
Liver Histologic Findings 
DTH Score, 
Group m 


Control (N = 10) (0.6 mL of 
sesame Gil) 8.8+0.7 


0 
Low-dose (N = 10) (0.2 mL/kg) 8.7+0.8 1 
High-dose (N = 10) (1.0 mL/kg) 5.5+0.7 2-3 










Histologic 
Grade* 










m 
P .002t 
*0 indicatesnormal; 1, less than 25% necrotic hepatocytes; 2, 25% to 50% 


necrosis; 3, 50% to 75% necrosis; and 4, more than 75% necrosis. 
tCompared with control animals. 


2238 abla = 


Fig 1.—Grade 3 histologic changes (hepatocellular necrosis involv- 
ing 50% to 75% of liver substance) are evident 24 hours after oral 
administration of 1.0 mL/kg of carbon tetrachloride (hematoxylin- 
eosin, x 175). 


blood agar plates for quantitation of bacterial numbers. 

To detect CAR in liver tissue, 3- to 5-mm slices were fixed in 
buffered 4% formaldehyde solution and embedded in paraffin. 
Sections were stained with alcian blue at a pH of 2.5 and examined 
by light microscopy. 


Statistical Analysis 


The unpaired Student's t test was used to compare differences 
between group means; one-way analysis of variance (ANOVA) was 
used for analyses involving three sets of data. Linear regression 
analysis was used to assess the correlation between DTH score and 
quantitative aortic bacteriology. Results are expressed as the 
mean + SEM; statistical significance was set at P<.05. 


RESULTS 
Global Hepatic Injury 


Table 1 summarizes the effects of oral CCl, on the DTH 
score and liver histologic finding. Significant depression of 
the DTH score followed the administration by gavage of 
1.0 mL/kg of CCl,; extensive hepatic necrosis (grade 2 to 3; 
Fig 1) was evident microscopically. A lower dose of CCl, 
produced grade 1 histologic changes and no significant 
depression of the DTH score. 

Acute hepatic ischemia for up to 30 minutes (N =36) 
failed to depress the DTH score compared with control 


Systemic Immune Response—Marshall et al 





r 





»* 


DTH Score, mm 





O -N WOH UO DN DO O 





Preoperative 
Fig 2.—In all studies, anesthesia and laparotomy alone produced 


significant depression of delayed-type hypersensitivity (DTH) score 
(P<.001, paired t test). 


Postaperative 


animals; longer periods of ischemia were associated with an 
unacceptably high mortality. 


Surgically Induced Immunosuppression 


Pentobarbital anesthesia, laparotomy, and saline injec- 
tion alone resulted in significant depression of the DTH 
score compared with preoperative values (10.6+0.3 vs 
6.5+0.6 mm; P<.001; Fig 2). 


Kupffer Cell Activation 


Thirty-six animals received 10° live Æ coli organisms via 
either the partal vein or the IVC; no deaths resulted from 
the procedure. Animals given # coli by the porta! route 
manifested significant depression of the DTH score com- 
pared with animals given the same number of organisms 
into the IVC (4.4+0.5 vs 6.1+0.4 mm; P<.02) or saline- 
treated controls (4.4+0.5 vs 6.8+0.6 mm; P<.01). The 
S aureus abscess was larger in the animals given intraportal 
E coli compared with those given E coli via the IVC 
(5.7+0.3 vs 5.3+0.3 mm), although this difference was not 
statistically significant. 

Quantitative aortic blood cultures showed lower systemic 
concentrations of E coli following intraportal injection 
(1.4+0.2 x 10° vs 1.8+0.2 x 10° organisms), suggesting that 
first-pass extraction of E coli by the hepatic reticuloen- 
dothelial system was approximately 4x10° organisms. 
There was a significant correlation between the DTH score 
and the numbers of residual bacteria cultured frem the 
aorta (r= .45; P=.03; Fig 3). 

Five randomly selected animals from each group under- 
went skin testing at seven days. While rats from the group 
given E coli via the IVC had recovered their premanipula- 
tion skin test reactivity (mean, 10.3+0.5 mm), significant 
depression persisted among animals injected through the 
portal vein (mean, 7.2+1.1 mm; P=.02). 


Kupffer Cell Ablation 


The effects of ablation of the Kupffer cell populatien with 
2.5 mg/kg of CAR injected into the portal vein are shown 
in Table 2. One rat in the group given intraportal CAR died 
as a result of hemorrhage from a laceration to the portal 
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DTH Score, mm 
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D- a 


5.4 5.6 5.8 6.0 6.2 6.4 6.6 


E coli, No./mL (Log Values) 


Fig 3.—After intravenous injection of 10° live Escherichia coli 
organisms, significant correlation was observed between residual 
numbers of organisms cultured from abdominal aorta and delayed- 
type hypersensitivity (DTH) score (r= .45, P = .03), consistert with 
hypothesis that degree of depression of DTH score was function of 
actual number of bacteria extracted by hepatic Kupffer cells. 









Table 2.—Effects of Intraportal 
Carrageenan on Systemic Immunity 






Staphylococcus 
aureus 
DTH Score, mm* Abscess, mm 


8.5+0.9 





Carrageenan, 2.5 mg/kg (N =8) 
Saline (N=9) 6.8+0.6 5.7+0.4 
P <.05t .008 


*DTH indicates delayed-type hypersensitivity. 
tMann-Whitney U test. 






vein. The mean DTH score was significantly higher 
in those animals given intraportal CAR than in saline- 
treated controls (8.5 + 0.9 vs 6.8+0.6 mm; P<.05), and the 
S aureus abscess was correspondingly smaller (5.7+0.4 vs 
4.1+0.4 mm; P<.01). Histologic sections stained with al- 
cian blue showed CAR in Kupffer cells (Fig 4); no alcian blue 
stain was observed in controls. 


Route of Administration of Test Substances 


As shown in Fig 5, significant changes in DTH score were 
only seen when CAR or E coli organisms were injected via 
the portal vein. Intraportal E coli produced depression of 
the DTH score, while intraportal CAR partially obviated 
surgically induced immunosuppression (P<.0005, one-way 
ANOVA). Mean DTH scores following intracaval injection 
did not differ significantly (P =.37, one-way ANOVA) 


COMMENT 


The morbidity and mortality of septic complications in 
critical surgical illness can only be partly explained by the 
presence of significant numbers of pathogens in the tissues; 
of equal importance is the ability of the host to mount an 
effective immunologic response to these organisms.” For 
reasons not well understood, this response is frequently 
impaired in the critically ill surgical patient. Depression of 
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Fig 4.—Liver tissue demonstrating carrageenan within Kupffer 
cells (arrows) (alcian blue, pH 2.5, x 700). 


both cell-mediated’ and humoral” immunity is evident in 
association with multiple organ failure and uncontrolled 
infection.” The significance of an abdominal focus of occult 
infection as a cause of remote organ failure has been 
emphasized,” and a growing body of data suggests that 
alterations in gut flora and barrier function may be impor- 
tant in the pathogenesis of this syndrome.” 

In the studies reported herein, acute hepatocellular 
injury with CCL, but not sublethal hepatic ischemia, pro- 
duced significant depression of the DTH score; this effect, 
however, was seen only in the presence of histologic evi- 
dence of extensive hepatocellular injury. In contrast, liver 
architecture was normal in those rats that underwent 
activatien or ablation of the Kupffer cell mass. Multiple 
immunologic abnormalities are evident following acute or 
chronic liver injury," and infectious complications result in 
substantial morbidity and mortality in cirrhotic patients 
undergoing abdominal surgery.” In critical surgical illness, 
however, biochemical and histologic evidence of hepatocel- 
lular injury is a late phenomenon. Canalese et al,” ina study 
of patients with fulminant hepatic failure, showed that it is 
Kupffer cell, rather than hepatocyte, dysfunction that best 
correlates with the development of both encephalopathy 
and renal failure. Thus, traditional tests of hepatocellular 
function may not provide an aecurate picture of the complex 
events occurring within the liver in critical illness. 

Our results demonstrate that portal bacteremia with a 
gram-negative organism can produce systemic immunosup- 
pression reflected in a diminished DTH response, and that 
the magnitude of this immunosuppression correlates with 
the numbers of organisms extracted by the hepatic re- 
ticuloendothelial system. Furthermore, this is shown to be 
a nonspecific generalized suppression, resulting in a de- 
pressed response to both a gram-positive organism 
(S aureus) and a complex foreign antigen (KLH). Systemic 
administration of an equivalent dose of organisms into the 
IVC produces minimal immunosuppressive effect, indicat- 
_ ing that passage of the organisms through the liver in portal 
venous blood is essential to the observed phenomenon. 
Within the liver, Kupffer cells are most heavily concen- 
trated in relation to the hepatic sinusoids, the terminal 
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Fig 5.—Intraportal administration of Escherichia coli produced 
significant suppression of delayed-type hypersensitivity (DTH) 
score, while intraportal carrageenan (CAR) lessened degree of 
immuno suppression associated with surgery (P<.001, one-way 
analys of variance). No significant differences in DTH scores were 
observed in animals receiving test substances systemically into 
inferior vena cava. 


branches of the portal vein,” and are the most important 
site for the removal of absorbed bacteria and endotoxin,” 
suggesting that these cells mediate this immunosuppres- 
sion. This conclusion is consistent with the observation that 
the intraportal administration of CAR, amacrophage toxin, 
results in significantly less suppression as reflected in a 
larger DTH response and a smaller S aureus abscess. 

Macrophage modulation of systemic immunity is an in- 
completely understood phenomenon, complicated by the 
hetercgeneity of macrophage populations within the body 
and their varying responses to differing immunogenic stim- 
uli.* Carrageenan administered in doses considerably 
largerthan those used in these experiments has been shown 
to suppress both DTH” and T-lymphocyte proliferation.” 
On the other hand, Yoshikai et al demonstrated an 
enhanzed delayed footpad reaction to sheep erythrocytes in 
mice whose mononuclear phagocyte system was blocked 
with colloidal carbon or CAR given systemically and a 
depressed reaction following stimulation with Corynebacte- 
rium parvum and diethylstilbesterol. In the human, differ- 
ent macrophage populations have clearly differing immu- 
noregulatory effects”; our animal model allows the in vivo 
study əf those effects mediated by Kupffer cells and demon- 
strates an immunosuppressive influence resulting from 
Kupffer cell activation. 

The conventional view of Kupffer cell function limits the 
role o? these cells to phagocytosis and the clearance of 
bacteria, endotoxin, and protein debris from the portal 
circuletion. Multiple organ failure and the systemic man- 
ifestations of sepsis have been attributed to phagocytic 
failure as a consequence of depletion of the opsonin fibronec- 
tin. Gur findings suggest that the phagocytosis of gram- 
negative organisms actually contributes to the syndrome 
and results in both depressed cell-mediated immunity and 
an enhanced susceptibility to infection with other bacteria. 


E 


Canto- and Dumont* demonstrated that the absorption of aa 


an ant gen into the portal circulation results in suppression 
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of sensitization to that antigen and postulated that this is of 
biologic benefit in preventing the development of an im- 
mune response to antigens in absorbed food. Our data 
suggest that this suppression is not antigen specific but 
rather a generalized reduction of immunologic respon- 
siveness. 

Portal blood in otherwise healthy individuals is sterile,” 
although low-level endotoxemia can be detected in 97% of 
patients undergoing abdominal surgery.” The translocation 
of enteric organisms across the gut mucosa has received 
increasing attention as a potential source of invasive infec- 
tion in critical illness, and bacterial translocation has been 
described in the presence of an intra-abdominal abscess,” 
following thermal injury,” after antibiotic administration,” 
and in the presence of deficient T-cell immunity.” Thus, the 
gastrointestinal tract may serve as a reservoir of pathogens 
that can gain access to the portal circulation and the 
Kupffer cell population. Moreover, gram-negative patho- 





gens entering into the portal circulation from the gut can 
produce suppression of the systemic immune response, 
rendering these infections potentially more lethal. 

The mechanism of Kupffer cell-induced immunosuppres- 
sion remains obscure. Kupffer cells activated in vitro with 
endotoxin produce elevated amounts of prostaglandin E, 
and thromboxane A,." Keller and coworkers“ showed that 
the in vitro coculture of endotoxin-activated Kupffer cells 
and hepatocytes results in diminished hepatocyte protein 
synthesis mediated by a substance similar to interleukin 1. 
The possibility that the immunosuppressive factor is pro- 
duced by the hepatocyte cannot be excluded. Further 
studies are under way to clarify the nature and mediator(s) 
of this phenomenon. 


This study was supported in part by grants from the Medical Research 
Council of Canada and the Dalhousie Medical Research Foundation. 

Betty Giannias provided expert assistance with the quantitative bac- 
teriology. 
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Discussion 


MICHAEL A. WEst, MD, Minneapolis: The authors’ results cast 
serious doubt on the conventional concept that Kupffer cells play 
no role in systemic immune responsiveness. The data presented 
suggest that stimulated Kupffer cells actively suppress immune 
responses rather than failing to produce a factor required for 
normal responsiveness. The anatomical! position of the Kupffer cell 
in the liver and its tremendous phagocytic capacity may endow 
Kupffer cells with unique abilities to alter immune responses via 
this mechanism. 

Since bacteria are thought to be cleared predominantly by the 
liver reticuloendothelial system, I am somewhat surprised that 
such marked differences were seen when E coli was administered 
via the portal vein compared with those via the IVC. Have you 
studied different doses of bacteria by the two routes to examine 
this or a slower infusion? Also, have you examined in any detail the 
time course of altered immunoresponsiveness following E coli 
administration? If bacteria are cleared by Kupffer cells, have you 
examined whether similar responses are obtained in an intra- 
abdominal infection model? 

The data obtained following hepatocellular injury induced by 
CCl, are also intriguing. One mechanism by which this may occur is 
that either the damaged liver cells or cell fragments released by 
the injury may activate the Kupffer cells. However, an alternative 
mechanism might also be operative in this particular instance. In 
1978 Chisari described a soluble extract from normal liver, which 
suppressed lymphocyte function. Perhaps the CCl,-treated ani- 
mals, especially those with higher grades of hepatocellular necro- 
sis, had such a factor released. I wonder if the authors have any 
evidence that there are different mechanisms involved in the CCl,- 
induced hyporesponsiveness compared with those in the other 
stimuli. Furthermore, is it possible that the lack of immunosup- 
pression that follows ischemic insult was because of impaired 
Kupffer cell function secondary to the ischemia? 

Finally, could the authors speculate the mechanism of Kupffer 
cell-mediated inhibition in the surgically treated animals whose 
skin test score dropped from 10 to 7 with surgery alone? Have they 
looked at mechanisms such as prostaglandin and leukotriene 
mediators, and have they tried blocking the cell-mediated inhibi- 
tion with indomethacin or other inhibitors of arachidonic acid 
metabolism? 

Maximo DeysiIne, MD, Stony Brook, NY: Have the authors 
considered that CCl, injures the lung, kidney, and liver at the same 
time? Also, what is the specific effect that CCl, has on Kupffer 
cells? 

BRIAN FREED, MA, Albany, NY: One of the things that CCl, will 
do when infused in this way is to generate in the liver a CCl, oxygen 
radical. Carbon tetrachloride induces tremendous amounts of lipid 
peroxidation (Dillard et al, Lipids, 1978;13:396). I think you should 
have considered that the oxidative damage being induced by CCl, is 
extensive and can be studied by treating the animals with anumber 
of antioxidants, such as vitamin E, beta-carotene, propyl gallate, 
and metiazinic acid. Have you done experiments to look at the 
damage being induced by an oxidative mechanism? 

RonaLD Mater, MD, Seattle: Dr Marshall and his coauthors 
have made an excellent attempt to determine Kupffer cells’ func- 
tioning in the in vivo setting—an extremely difficult task. I would 
like to emphasize and expand on what Dr West said. Do the authors 
have any suggestions as to why the Kupffer cell, in contrast to 
other macrophages, has the unique ability to immunosuppress? 
Apparently, the other macrophages in vivo (which would take up 
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the injected bacteria when Kupffer cells have been eliminated), do 
not produce the same by-products that cause immunosuppression. 
Why does selective ablating of the Kupffer cell population reverse 
the immmnosuppressive effect? 

THomas SABA, MD, Albany, NY: Rather than think that the 
Kupffer cell directly modulates the immune response, think of it as 
having an indirect effect. Kupffer cells are a unique macrophage. 
They taxe up antigen and do not really process it very well, 
whereas other macrophages can take up antigen and process it. 

So, maybe when you have active Kupffer cell phagocytosis, you 
really prevent an antigen overload to the periphery; on the other 
hand, when the clearance ability of the hepatic Kupffer cells is 
depressed, you allow more antigen to gain access to the periphery. 
I think that there are several reports in the literature on just this 
point: the elevation of IgG levels during decreased hepatic sinu- 
soidal perfusion and increase in nonsinusoidal perfusion through 
the liver might, in part, reflect this role of Kupffer cells. 

I thmE that Kupffer cells take up and degrade antigenic material 
rather tian process it and that this is related to the response that 
you have observed. 

Dr MARSHALL: Dr West asked about the time course of the 
phenomenon we have observed. We have been able to see persist- 
ent immanosuppression at one week after the experiments. 

Regarding the question of where bacterial clearance might be 
occurring if not in the liver, Dr Meakins likes to point out that we 
have two phagocytic cell masses in series—the lung and the liver. 
Rats lack portal-systemic communications, and I would assume 
(although we do not have the evidence of this) that clearance is 
occurring in the lung. 

Chisa7i has described two immunosuppressive factors of hepatic 
origin—arginase and very-low-density lipoprotein. I do not know 
whether these might be implicated in the immunosuppression 
associated with CCl,. There are data to suggest that this immu- 
nosuppression may be a consequence of free radical generation, 
and some evidence in the literature to suggest that Kupffer cells 
may be involved in this. Nonetheless, it is apparent not only in 
experimental models of CCl, injury but also in the human situation 
with acvte or hepatic injury that these effects are observed. 

As for the mechanism of surgical immunosuppression, I cannot 
answer that readily, although we are studying this question. In this 
particular model most of the immunosuppression seems to be 
associated with pentobarbital anesthesia. 

We do plan to study the potential role of prostaglandins as 
mediatars, as well as the role of interleukin 1. We also plan to study 
other agpects of the immune response, including specific antibody 
product.on. 

Dr Meier asked why Kupffer cell suppression might occur. About 
20 years ago Cantor and Dumont showed suppression of the 
immune response to enterally administered antigens and postu- 
lated that such tolerance has biologic significance in preventing the 
developnent of an immune response to gut-derived antigens, 
including foodstuffs. Clearly, in the critically ill patient an immune 
response to gut-derived bacterial antigens may be beneficial and 
may be lifesaving. In most of us it would not be. 

Dr Saba raised an interesting possibility that what we are 
looking at is an indirect effect, a consequence of the prevention of 
antigen overload in the periphery. Hepatic extraction of E coli in 
our mocel was relatively low, of the order of 4 x 10° organisms, so 
approximately 106 organisms per cubic centimeter of blood were 
reaching the periphery in both groups of animals. 
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Neutrophil Function in a Rat Model of 
Endotoxin-Induced Lung Injury 


Richard K. Simons, MB, FRCS; Ronald V. Maier, MD; E. Stan Lennard, MD, ScD 


e Polymorphonuclear neutrophil leukocytes (PMNs) are 
known to cross the alveolar-capillary barrier and enter the 
alveolus in acute adult respiratory distress syndrome (ARDS). 
The pathogenic role of PMNs in both the acute lung injury and 
subsequent infectious susceptibility in ARDS is not clear. In 
the present study we investigated the functional status of 
various neutrophil populations using a chronic, endotoxemia- 
induced ARDS model. Rats infused with Escherichia coli endo- 
toxin for three days develop an acute lung injury with a 
histologic picture closely resembling human ARDS. The PMNs 
recovered trom the circulation and by bronchoalveolar lavage 
were compared with normal rat PMNs. In endotoxemic animals, 
superoxide production was markedly enhanced in circulating 
PMNs, indicating production of high levels of potentially 
cytotoxic oxygen intermediates, while myeloperoxidase activ- 
ity was decreased in both circulating and lavage PMNs, indi- 
cating depressed myeloperoxidase-dependent antimicrobial 
activity. 

(Arch Surg 1987;122:197-203) 


dult respiratory distress syndrome (ARDS) continues 

to be a major cause of morbidity and mortality in 
severely ill surgical patients in the intensive care unit who 
survive the acute insult.“ A hallmark of this pathologic con- 
dition is the accumulation of polymorphonuclear neutrophil 
leukocytes (PMNs) in the lungs. Although the functional 
status of the intra-alveolar PMN in ARDS has not been 
elucidated, there is strong evidence supporting the PMN as 
a major mediator of the acute lung injury in ARDS. The 
PMN-derived potential cytotoxic mediators such as 
elastase and myeloperoxidase have been demonstrated in 
bronehoalveolar lavage fluid of patients with ARDS.** In 
addition, the circulating PMNs from patients with ARDS 
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appear to be activated, releasing increased amounts of toxic 
oxygen intermediates and proteolytic enzymes and exhibit- 
ing enhanced chemotaxis and decreased adherence.’ * How- 
ever, these findings have not been consistant. Chemotaxis 
was found to be depressed in one study’ and other studies 
have found impaired production of toxic oxygen intermedi- 
ates in patients with ARDS (Tom Martin, MD, personal 
communication, June 1986). Finally, in addition to initiating 
ARDS, stimulation of PMNs with release of enzymes and 
cytotoxic products may produce deactivated or “effete” 
PMNs. This process may alter or depress PMN microbicidal 
activity, which may partially explain the cellular basis of a 
common complication of ARDS, ie, sepsis (particularly 
pulmonary sepsis). ®” 

The purpose of this study was to investigate two hypoth- 
eses: (1) chronic endotoxemia alters or enhances the produc- 
tion of cytotoxic oxygen intermediates by PMNs that 
potentially could induce the acute lung injury of ARDS; (2) 
the intra-alveolar and/or circulating PMNs from endotox- 
emic animals are effete and have depressed microbicidal 
capabilities. Evidence of impairment in bactericidal func- 
tion in circulating and/or lavage PMNs would implieate the 
impaired PMN function as a contributing cause for the 
infectious complications, particularly pneumonia, that are 
seen in ARDS. To evaluate these hypotheses, a chronic 
endotoxemia-induced animal lung-injury model was devel- 
oped that closely resembles ARDS both in its clinical course 
and in histologic appearance.” To evaluate the production of 
cytotoxic oxygen intermediates, superoxide anion produc- 
tion by various in vivo populations of PMNs was measured. 
Finally, myeloperoxidase (MPO) activity, as an important 
component of effective PMN bactericidal function, ®™ was 
assayed as a marker of overall PMN microbicidal capacity. 


MATERIALS AND METHODS 
Animal Model 


Male 400-g Sprague Dawley rats were housed in standard care 
facilities at the University of Washington, Seattle, fed rat chow and 
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water ad libitum, and used within ten days of delivery. Lung injury 
was induced by a continuous infusion of endotoxin (lipopolysac- 
charide) from Escherichia coli 0111:B4 at a dosage of 0.5 mg/kg/h 
for 72 hours. This dosage of endotoxin, in preliminary experi- 
ments, was shown to produce a lethal dose in 10% of the population 
at 72 hours. The endotoxin was delivered by an osmotic pump 
positioned subcutaneously in the interscapular region, and the 
right atrium was cannulated with a Silastic catheter via the left 
external jugular vein. The animals were killed at 72 hours by 


‘exsanguination under general anesthesia. Blood and bron- 


choalveolar lavage samples were obtained and the lungs were 
preserved with fixative for subsequent histologic examination. 
Blood was also drawn from normal rats that underwent long-term 
cannulation and infusion with normal saline. All potentially painful 
procedures were conducted with the animals under general anes- 
thesia with 0.18 mg/kg af fentanyl citrate plus droperidol and 0.25 
mg/kg of pentobarbitol sodium to prevent animal suffering. 


Sample Collection and Preparation 


Blood samples (normal and endotoxin-infused rats) were ob- 
tained by right ventricular puncture under direct vision after 
general anesthesia. Samples were collected into potassium-edetic 
acid—primed syringes and processed immediately. 

Bronchoalveolar lavage of endotoxin-infused rats was performed 
immediately following animal death using chilled, sterile normal 
saline solution containing potassium-edetic acid (0.02M). Sixty- 
four milliliters (eight lavages of 8-mL aliquots) was instilled via 
tracheal cannulation and approximately 60 mL was routinely 
recovered. The combined bronchoalveolar lavage fluid aliquots 
were centrifuged at 400 g for 6 minutes at 4°C, the supernatant was 
decanted and saved, and the cell pellet was processed immediately. 
Normal rat lavage fluid contains less than 1% PMNs, which was an 
insufficient number to permit evaluation of this population of cells. 

Purification of PMNs from blood samples was accomplished 
using a modification of standard techniques for leukocyte purifica- 
tion.""* Briefly, PMNs were obtained by (1) density-gradient 
separation of saline-diluted whole blood using Ficoll-Hypaque 1077 
at 800 g for 20 minutes at 20°C; (2) sedimentation of erythrocytes 
with 3% dextran T-500 in normal saline solution; and (3) hypotonic 
lysis of remaining erythrocytes with 0.2% chilled sterile saline 
solution. Finally, the cells were washed twice and resuspended in 
Hanks’ balanced salt solution (HBSS) without divalent cations. 
Cell counts were performed using a hemocytometer. Differential 
counts were performed en cytocentrifuged specimens stained by 
modified Wright-Giemsa stain (Diff-Quik method). Counts were 
averaged from a survey of at least 200 cells. Viability of all PMN 
preparations was greater than 95% as assessed by trypan blue dye 
exclusion. The functional status of the PMNs was unchanged by 
passage through the density gradient (data not shown). 

Bronchoalveolar lavage fluid was collected and centrifuged as 
described. The cell pelle: was resuspended in 0.2% chilled sterile 
saline sclution and vortex mixed for 30 s to lyse contaminating red 
blood cells. Isotonicity was restored with 1.6% saline solution, the 
sample was centrifuged at 400 g for six minutes at 4°C, and the 
pellet was washed twiee and resuspended in HBSS without 
divalent cations. No further attempt at purification was made since 
the above-described methods used for the two blood samples failed 
to improve purity and resulted in the loss of a significant population 
of cells. The loss was due to an apparent change in density of a 
segment of the PMN population that was retained on the surface of 
the gradient. In preliminary experiments, increased centrifuga- 
tion speeds brought all cells down with a loss of separation of the 
various eell types. Total and differential counts were performed as 
previously described. The PMN purity was 70% + 3% and viability 
was greater than 95%. The contaminating cells were more than 
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95% macrophages. 

To obtain sufficient PMNs to perform function studies, two or 
three endotoxin-infused rats were killed for each experiment and 
their bleod and lavage specimens were pooled separately. A single 
normal rat provided sufficient control PMNs for each assay. 


Neutrophil Function Studies 


Superoxide Assay.—Baseline and phorbol myristate acetate- 
stimulated superoxide anion production by PMNs was measured 
using a modification of the method described by Johnston.” This 
assay measures superoxide dismutase—inhibitable reduction of 
cytochrome C. For each PMN sample (control circulating, lipopoly- 
saccharide-treated circulating, or lipopolysaccharide-treated la- 
vage cells), four reaction tubes were utilized, each in duplicate or 
triplicate. Each tube contained 5 x 10° PMNs suspended in HBSS 
with divalent cations that contained 1.0 mg/mL of cytochrome C in 
a final volume of 1 mL. Added to individual additional tubes was 
either 100 U of superoxide dismutase, 100 ng/mL of phorbol 
myristate acetate, or both compounds. Phorbol myristate acetate 
was diluted from a stock solution of 1 mg/mL in dimethyl sulfoxide 
immediately before use. After incubation in a shaking water bath 
at 37°C for 30 minutes, the tubes were placed in an ice water bath 
for five minutes to stop the reaction, cells were removed by 
centrifugation, and the supernatants were decanted into cuvettes. 
Absorption was read at 550 nm in a spectrophotometer and the 
superoxide dismutase-inhibitable change was calculated. To deter- 
mine the number of nanomoles of superoxide anion, the absorption 
change was multiplied by dilution factors and the extinction 
coefficient of 21.0x10*/moles x centimeters for reduced cyto- 
chrome C (1 mol of superoxide reduces 1 mol of cytochrome C) and 
the values were normalized to one million cells.” 

Add-back or mixing experiments were performed to assess the 
effect of contaminating lymphocytes and macrophages. Lympho- 
cytes are known to act as scavengers for oxidants via a glutathione- 
dependent mechanism. Macrophages are known to produce a 
superoxide anion.“ Since contamination with either cell was a 
possible source of error in the present study, pure populations of 
lymphocytes and normal bronchoalveolar lavage macrophages 
were tested for their ability to generate superoxide. In add-back 
experiments, the separate effect of each of these leukocytes was 
assessed in various combination ratios (10% to 50% of the total cell 
population) with PMNs. 

MPO Assay.—The MPO content of the three PMN populations 
was measured using the method described by Klebanoff et al.” The 
PMN cel! pellets were lysed using Triton X for 30 minutes at 4°C 
and sonication for 30 s. Aliquots equivalent to 3 x 10° PMNs were 
used in each experiment and the results were normalized to 10° 
PMNs. A 150-L aliquot was added to a cuvette containing 3 mL of 
assay solution, which is a buffered solution containing hydrogen 
peroxide and guaiacol, that was made up freshly the day of 
the experiment." On addition of the lysate, the cuvette is in- 
verted three times and placed in a continuously recording spectro- 
photometer. The rate of change of optical density at 470 nm was 
measured for one minute and the initial rate was calculated. Using 
the extinction coefficient for the tetraguaiacol product of 
26.6/nancmoles x centimeters and correcting for dilution factors, 
the units of MPO/10° PMNs were determined.” 

Normal alveolar macrophages contain no, or very minute 
amounts of, MPO.“ However, acute lung injury may cause recruit- 
ment of circulating monocytes that do contain low levels of MPO 
and cause contamination in these experiments. To test for con- 
taminating macrophages/monocytes that contain MPO, cyto- 


centrifuge preparations of lavage specimens were stained with a ya 


peroxidase-selective reagent (leukocyte peroxidase) and examined 
microscopically for MPO granules in the various cell types present. 
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Statistical Analysis 


Results from assays in the PMN samples were analyzed using 
analysis of variance techniques and Dunnett’s t test for comparing 
multiple test samples with a single centrol.” Values represent the 
mean +1 SE. The significance level was set at P less than 05. 


RESULTS 
Animal Medel 


Endotoxin infusion in the rat induced a state of lethargy 
associated with anorexia and weight loss. The animals de- 
veloped hemorrhagic conjunctivitis and rhinitis. They also 
became tachypneic, and blood-gas analyses disclosed both a 
statistically significant hypocarvia (carbon dioxide pres- 
sure, 27.5+1.0 mm Hg; norma., 35.2+0.8 mm Hg) and 
hypoxia (oxygen pressure, 67.0+3.7 mm Hg; normal, 
79.1+1.7 mm Hg) at 72 hours (P<.05 for both). (All values 
are the mean+SE.) There was a cumulative mortality of 
10% by 72 hours, and preliminary experiments documented 
maximal neutrophil retrieval frem bronchoalveolar lavage 
fluid after 72 hours of endotoxin infusion. Macroscepically 
the lungs appeared to be congested and hemorrhagic. 
Bronchoalveolar lavage fluid diselosed a cellular component 
that was predominantly compesed of PMNs (70%+3%), 
compared with the normal lavage fluid that has less than 1% 
PMNs (Fig 1). 

Histologically there was evidence of interstitial and intra- 
alveolar edema, extensive intravascular, interstitial and 
intra-alveolar PMN aggregation, and thickening of base- 
ment membranes, resulting in gross thickening of the 


alveolar wall. The PMN margination with marked ad- 


herence of PMNs to the endcthelium of the pulmonary 
microvaseulature was seen. Other changes in the micro- 
vasculature ineluded subendothelial cellular proliferation, 
thickening ef the smooth-muscle layer, and increased depo- 
sition of connective tissue (Figs 2 and 3). Electron micros- 
copy diselosed widespread destruction of type I pneu- 
mocytes with denudement of basement membranes and 
evidence of marked type II pneumocyte proliferation 
(Fig 4). 


Superoxide Anion Production 


Superexide anion release by the three PMN populations 
at both baseline levels and after stimulation with PMA is 
shown in Fig 5. Circulating neutrophils from endotoxin- 
infused rats produce significantly increased levels of super- 
oxide both at baseline (sevenfold) and after stimulation with 
phorbol myristate acetate (=wofold) over controls, re- 
spectively (baseline: 11.4+2.9 nmol vs 1.6+0.4 nmol; 
phorbol myristate acetate stimulated: 70.9+6.5 nmol vs 
36.7+1.8 nmol, per 10° neutrophils). The lavage neutrophils 
from the endotoxemic rats produced less superoxide in 
comparison with controls when stimulated with PMA 
(24.4+4.0 nmol vs 36.7+1.8 nmol), while baseline levels 
were similar (2.82+1.0 nmol vs 1.6+0.4 nmol). 

The effect of lymphocyte contamination and possible 


áj quenching of superoxide levels was assessed (Fig 6). Lym- 


phocytes alone produce no detectable superoxideanion. In 
add-back experiments, the combination of lymphocytes 
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Fig 1.—Cells recovered by bronchoalveolar lavage from normal 
(left) and endotoxemic (right) rats. Alveolar macrophages account 
for more than 99% of cells recovered from normal rats, whereas 
polymorphonuclear neutrophil leukocytes predominate (70% + 3%, 
mean+SE) in endotoxemic animals (modified Wright-Giemsa 
stain, x 200). 





Fig 2.—Preparations of rat lung from normal (left) animals and rat 
endotoxemic for 72 hours (right). There is marked thickening of 
alveolar walls (A) due to edema and increased cellularity. Poly- 
morphonuclear neutrophil leukocytes are present in alveoli (B) 
(hematoxylin-eosin, x 100). 
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with PMNs produced no quenching effect until lymphocytes 
reached concentrations equal to that of the PMNs (1:1 ratio). 
Even at this level, the quenching failed to reach statistical 
significance. Additionally, any such tendency for quenching 
would be an artifact of reduction or normalization in the 


‘differences measured, not an increase. 


The effect of macrophages on superoxide anion levels is 
summarized in Fig 7. In comparing pure populations of 
circulating PMNs (>95%) with pure populations of normal 
alveolar macrophages (>99%) for superoxide anion gener- 
ating capacity, no statistical difference was found between 
the two cell types, ie, PMNs and macrophages produce 
equal amounts of measurable superoxide per cell (cclumns 1 
and 2, Fig 7). When equal numbers of macrophages were 
added back to PMN samples, the total amount of superoxide 
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Fig 3.—Preparatiom of lung from rat infused with endotoxin for 72 
hours. There is margination of polymorphonuclear neutrophil leuko- 
cytes in lumen of biood vessel. Alveolar wall thickening is present 
and more marked than in Fig 2 (hematoxylin-eosin, x 200). 
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Fig 5.—Superoxide anion (O,) production by normal rat circulating 
polymorphonuclear neutrophil leukocytes (PMNs) (control) and 
circulating and lavage PMNs from endotoxemic rats at baseline 
(solid bars) and after stimulation with phorbol myristate acetate 
(100 ng/mL) (shaded bars). LPS indicates lipopolysaccharide; MN, 
macrophages. 


anion produced was purely additive without evidence of 
inhibition/secavenging or synergism. Figure 7 shows total 
superoxide produetion by equal numbers of PMNs and 
macrophages measured separately (column 3) and when 
premixed together before stimulation (column 4). 

Since normal rat alveolar macrophages produce superox- 
ide anion in our assay system in amounts equal to PMNs, we 
assumed that alveolar macrophage contaminants in lavage 
PMN preparations were producing equimolar amounts of 
superoxide anion. Superoxide results for the lavage group, 
therefore, have been adjusted to 1 million cells (PMN plus 
macrophages) to account for the macrophage-dependent 
augmentation of superoxide anion levels. 
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Fig 4.—Electron micrograph of alveolus from rat with lung injury, 
demorstrating edema and debris with lumen (A), type | pneumocyte 
injury (8), and type Il pneumocyte proliferation forming polypoid bud 
(D) (x 5000). 
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Fig 6.— Phorbol myristate acetate (100 ng/mL) stimulated superox- 
ide anion (O,) production by normal rat polymorphonuclear neu- 
trophil Bukocytes (PMNs), lymphocyte (LYMPH) and PMNs with 
added lymphocytes. Lymphocytes alone produce minimal levels, 
and adcition of lymphocytes to PMNs has no effect on measured O, 
levels produced by PMNs when present at less than 1:1 ratio. 


Myeloperoxidase Content 


Circulating and lavage PMNs from the endotoxemic 
animals had significantly reduced levels of MPO activity, 
with less than 50% of the levels found in control circulating 
PMNs (1.12+0.15 U and 1.41+0.14 U vs 3.18+0.61 U, 
respectively) (Fig 8). There was no statistical difference in 
MPO activity levels between the circulating and lavage 
PMN from the endotoxemic rats. 

Leukocyte peroxidase stains for MPO granules in blood 
and lavage leukocyte samples demonstrated intense stain- 
ing of normal PMNs, absent staining of lymphocytes, and 
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Fig 7.—Stimulated superoxide anion (O,) production by polymor- 
phonuclear neutrophil leukocytes (PMNs) (solid bars) anc macro- 
phages (MNs) (dotted bars) and their additive effect, compounded 
from separate assays and when premixed before stimulation 
(shaded bars). Macrophages produce equimolar amounts of O, 
compared with PMNs and, when mixed, their effect is purely 
additive. 


lack of staining in either the normal or endotoxin-infused 
rat alveolar macrophages. The PMNs from the circulation 
and the lavage fluid of endotoxemic rats had stained inter- 
mediately, indicating the presence of MPO but comsistent 
with the lower activity of MPO found in these cells. Macro- 
phage and lymphocyte contamination were not relevant due 
to these cells’ lack of MPO activity and the specificity of the 
assay used to measure MPO activity. Therefore, in the MPO 
assays, all samples were referenced to 10° PMNs and not to 
the total number of cells present. 


COMMENT 


Pulmonary dysfunction and failure following severe in- 
jury remains a major cause of morbidity and mortality and 
although it is the subject of intense study, much of the basic 
pathophysiologic process involved remains to be elucidated. 
A significant problem in the evaluation of acute lung failure 
has been the lack of a realistic animal model of the disease. 
In the present study, a reproducible animal mode! of adult 
respiratory distress syndrome in the rat is based on a long- 
term infusion of endotoxin. The dosage of endotoxin used is 
large relative to human levels of circulating endotoxin 
during sepsis. However, the rat is known to be resistant to 
endotoxin, and the dose used produced clinical findings, 
pulmonary dysfunction, and histologic changes, and, over- 
all, was lethal to 10% of the population, consistent with 
changes found in human subjects.” Of note are the con- 
comitant hypoxia and hypocarbia, and the histologic find- 
ings of edema, PMN influx, type I pneumocyte destruction, 
thickening of the microvascular vessel wall, and type II 


_ pneumocyte proliferation that are present throughout the 


lungs. Utilization of this chronic endotoxemia model of 
acute lung injury has permitted the isolation and functional 
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Fig 8.—Myeloperoxidase (MPO) content of polymorphonuclear 
neutrophil lymphocytes (PMNs) from circulation of normal rats 
(control) and from circulation and bronchoalveolar lavage of rats 
endotoxemic for 72 hours. Both PMN populations from endotox- 
emic rats have marked depression of MPO content compared with 
controls. LPS indicates lipopolysaccharide. 


analysis of discrete populations of PMNs from various 
tissue compartments. 

Superoxide anion production and release was chosen as a 
marker for the production and release of multiple, poten- 
tially more toxic oxygen intermediates that have been 
strongly implicated as causative agents in the pathogenesis 
of acute lung injury from various insults.” Stimulation of 
the respiratory burst with the associated release of toxic 
oxygen intermediates is an integral component of the 
bactericidal mechanism of PMNs.""* However, this re- 
sponse is fairly nonselective, and when the response is 
inappropriate the cytotoxic oxygen intermediates are also 
capable of causing an extensive “bystander” injury ef- 
fect.“ 

In the endotoxemic rat with an associated acute lung 
injury we have found different and distinct abnormalities of 
superoxide anion production between the circulating and 
lavage PMN populations. Circulating PMNs from endotox- 
emic animals have a sevenfold baseline increase and a 
twofold stimulated increase in superoxide anion release 
compared with controls. Simultaneously, these cells have 
been demonstrated histologically to be aggregated and 
intimately attached in large numbers directly to the endo- 
thelial lining in the microvasculature of the lung. The intra- 
alveclar PMN, in contrast to the circulating PMN from the 
endotoxemic animals, produced lower levels of superoxide 
anion in response to stimulation. This decreased production 
implies that the PMNs that were attached to the pulmonary 
microvascular endothelium and subsequently migrated into 
the intra-alveolar space underwent a respiratory burst 
after leaving the general circulating population, ie, while in 
close contact with the microvascular wall. These data do not 
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prove that the respiratory burst occurred during the transit 
of the PMN across the alveolar-capillary barrier into the 
alveolar space. However, together, these observations add 
support for the “activated” PMN as a potential mediator of 
the acute lung injury.**** 

Myeloperoxidase activity or content was used in this 
setting as a biochemical marker of PMN antimicrobial 
capacity. Normal MPO activity as an important require- 
ment for effective normal bactericidal functioning of the 
PMN.""* In addition, there is a documented decreased 
clearance of bacterial challenges associated with acute lung- 
injury models and severe trauma. In the present endotox- 
emia model, a qualitative deficiency in the MPO content of 
_intra-alveolar PMNs was noted in cytocentrifuge prepara- 
tions stained selectively for MPO. In addition, a greater 
than 50% decrease in the myeloperoxidase content of both 
circulating and intra-alveolar populations of PMNs in the 
rats infused with endotoxin was found in comparison to the 


levels in control circulating PMNs. The intra-alveolar 
PMNs obtained by lavage, therefore, are deficient in two 
important bactericidal functions. These findings may par- 
tially explain the bactericidal defect present in acute lung 
dysfunction and the frequent complication of pneumonia, 
which is a major cause of the high mortality seen in ARDS. 


In endotoxin-treated rats, the MPO content of both circu- | 


lating and lavage PMNs is depressed equally. What is not 
known is whether this represents a selective loss of MPO or 
a reflection of a global loss of azurophil primary granules, 
where 90% of MPO is contained.“ The degranulation and 
loss ef MPO activity appears to be occurring predominantly 
within the circulation before entry into the lungs. Any 
bactericidal deficit induced by the loss of MPO content 
would thus be expressed in not only the intra-alveolar (ie, a 
lung defect), but also the circulating (ie, a generalized 
systemic deficit) PMN. 
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Discussion 


RosBert D. Neuson, MD, Minneapolis: These authors have 
described a rat model of ARDS that provides a long-term three-day 
insult to the animal, as opposed to a short-term stimulus measured 
in hours. They have also described changes induced in the circulat- 
ing and pulmonary exudate neutrophils, changes in oxygen metab- 
olism measured by superoxide production, and changes in the 
lysosomal enzyme level measured by MPO activity, and the authors 
have speculated that these changes may have relevance to pulmo- 
nary damage and increased susceptibility to infection that accom- 
panies ARDS. 
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The basic findings, as I understand them, were that circulating 
neutrophils produced more superoxide and less MPO than did 
norma! circulating cells. Another finding was that exudate neu- 
trophils produced less superoxide and had less MPO than did 
norma! circulating cells. 

How do these changes relate to problems associated with ARDS? 
The cireulating neutrophils appear to be primed for augmented 


productien of superoxide. The primed cell arriving at the lung and | 


encountering some stimulus would appear to be able to make 
excessive superoxide as a reactant in the production of more toxic 
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oxygen metabolites. This seems to fit with what we know about the 
mechanism for tissue damage. 

What is the kinetic pattern of superoxide production for these 
cells that you test ex vivo? I ask this because the phenomenon 
reported could represent either a more rapid rate of superexide 
production or just an ability of the cell to make more of this 
product. Even though no difference might ultimately be found in 
the total amount:preduced, the rate difference could be important. 
Superoxide production could exceed the ability of cells to protect 
themselves from damage. 

What is the s gn:ficance of augmented phorbol myristate ace- 
tate-stimullated respiration? I ask this because phorbol myristate 
acetate appears te effect a neutrophil response by activating 
protein kinase 5. Direct activation of this kinase eliminates a 
number of intermediate steps in signal transduction used by other 
stimuli. I think È will be important for you to use other stimuli and 
to consider changes in binding of each stimulus as well. 

The cireulating neutrophils have lost about one half of their 
primary granule enzymes, assuming that MPO is an appropriate 
marker. Because Fypochlorous acid may not contribute in a pri- 
mary way to tissue damage, this finding may not be relevant at all 
to the meehanism of tissue damage. I would argue, though, that a 
reduced MPO content might be significant in this situation. For 
example, MPO is a consumer of hydrogen peroxide; therefore, a 
reduced enzyme level might allow for increased accumulation of 
hydrogen peroxide for generation of the more toxic hydroxyl 
radical. 

How well were vour assays for MPO activity controlled for pH? 
Also, what effect does the addition of lymphocytes or macrophages 
have on measurement of MPO from neutrophils? The addition of 
other protein from other cells that do not also contribute MPO may 
have the same effect as the presence of protein ina MPO assay. It is 
very inhibitory. Another role of the contaminating cells may be to 
provide catalase er glutathione peroxidase to affect the hydrogen 
peroxide concentration. 

The authors heve speculated that the observation of exudate 
neutrophils’ reduced content of MPO and ability to produce super- 
oxide weuld cempromise their microbicidal activity. I disagree on 
this poirt. Given the overkill capacity of the neutrophil, I would 
guess that the cells may have lost other functions related to their 
role in killing, eg, binding and phagocytosis of pathogens. I think 





the reduction in MPO levels and superoxide production might not 
be sufficient to affect killing. 

What numbers of neutrophils did you find in the lavage fluids? 
Also, what do you think about the age of the neutrophils accumulat- 
ing in the alveolar space? Could some of the changes be due te an 
aging effeet and not accurately affect the microbicidal potential of 
neutrophils at the time of their arrival in the alveolar space? 

Dr Simons: In preliminary experiments we studied the kinetic 
pattern of the superoxide production in a simplified way, taking 
just two time points of 30 minutes and 60 minutes. We found that 
superoxide production by neutrophils was more or less complete by 
30 minutes in each of the three samples that we studied. 

I share your concern about the relevance of phorbol myristate 
acetate as a source of stimulation for the neutrophils. However, in 
this study we were interested in overall capacity to produce 
superoxide. Also, as I said at the beginning of the presentation, the 
objectives of this study were really twofold. The first was to 
develop the model, and in that we have had considerable success. 
We were really just starting with the second objective, that of fully 
characterizing neutrophil function in endotoxemic animals. That 
clearly applies to the mechanism of superoxide production; I think 
we ought to look at how C5A and perhaps FMLP affect the 
neutrophils in this situation. 

The pH of the MPO assay was controlled within physiological 
limits using two phosphate buffers. The pH remained at 7.4 
throughout the assay. 

We examined the effect of the presence of mononuclear cells in 
the neutrophil samples on MPO activity by looking at peroxidase 
staining of the different cell types. The macrophages in the lavage 
samples showed no evidence of peroxidase activity at all. We were 
counting approximately 4 million neutrophils per rat in typical 
lavage samples. These are obviously insufficient numbers to do the 
kinds of functional assays we have described. What we did was pool 
the cells from two, and sometimes three, endotoxemic rats to get 
enough eells to do these functional assays. 

As to the age of the neutrophils, we have no information. The 
neutrophils first started appearing in the lungs of these animals 
about 36 hours after beginning endotoxin infusion, and their 
numbers started to decline at about 84 hours, so they were arriving 
in the lungs 24 hours or so before we harvested them. 


In Other AMA Journals 


ARCHIVES OF INTERNAL MEDICINE 


Cardiopulmonary Resuscitation (CPR) Training: Consequences for Family Members of High- 


Rsk Cardiac Patients 


Kathleen Dracup, RN, DNSc; Peter M. Guzy, MD, PhD; Shelley E. Taylor, PhD; Joan Barry 


A prospective, controlled trial was conducted to document the psychological risks and benefits of teaching 


cardiopulmonary resuscitation (CPR) techniques to family members of patients at high risk for a sudden death 
event. Clinical outcomes for the high-risk patients were also measured. Cardiac patients (n=65) and their 
family members (n= 69) were randomized to one of three groups: CPR training, risk factor education, and 
control. Patients did not attend either intervention group. No adverse psychological effects for family 
members were documented. The patients in the CPR group, however, were more anxious at three months’ 
follow-up than patients in either the educational or control groups. Patients in both CPR and risk factor 
education groups reported poorer adjustment to illness at six months’ follow-up than did control patients. 
These results suggest that CPR training for family members may have an adverse psychological effect on high- 
risk cardiac patients (Arch Intern Med 1986;146:1757-1761). 
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who received prochlorperazine as an antiemetic. When used concomitantly with cancer 
chemotherapeutic drugs. may obscure vomiting as a sian of these agents toxicity. Deep 
sleep and coma have been reportec with prochlorperazine, usually with overdosage 


Neuroleptic drugs cause elevated prolact n levels that persist during chronic administration 
Since approximately one-third of human breast cancersare prolactin-dependent in vitro, 
this elevation is of potentia! impertance if neuroleptic drug administration is contemplated 
in a patient with a previously detected breast cancer. Neither clinical nor epidemiologic 
Studies to date, however, have shown arassociation between the chronic administration 
of neuroieptic drugs and mammary tumorigenesis 


Permanently stop neuroleptic therapy f neuromuscular reactions occur in pregnant 
women or in children 


in children with acute illnesses or dehydration, use only under close supervision. 
Avoid high doses and parenteral administration when cardiovascular system is impaired 
since hypotension has occurred. Use cautiously in patients with glaucoma. Use with cau 
tion in persons who wil be exposed o extreme heat since phenothiazines may interfere 
with thermoregulatory mechanisms Phenothiazines can diminish the effect of oral anti- 
coagulaats. Phenothiazines can produce alpha-adrenergic blockade. Thiazide diuretics 
may accentuate orthostatic hypotension that may occur with phenothiazines. Antihyper- 
tensive effects of guanethidine and related compounds may be counteracted when 
phenothiazines are used concomitartly. Concomitant administration of phenothiazines 
with propranolol results in increased plasma levels of bom drugs and may also precipitate 
phenytoin toxicity. Phenothiazires may lower the convulsive threshold; dosage adjustments 
of anticonvulsants may De necessary Presence of phenothiazines may produce false 
positive phenylketonuria (PKU) test results. Patients should not receive Compazine’ 48 
hours before or 24 hours after myelography with the contrast medium metrizamide 


Adverse Reactions: Drowsiness, dizziness, amenorrhea, blurred vision, skin reactions 
Hypotension. Cholestatic jaundice, leukopenia, agranulacytosis. Fatty changes in the liver 
have been observed in a few patients who died while receiving the drug (no causal 
relationship has been established) Neuromuscular (extrapyramidal) reactions: motor 
restlessness, dystonias, pseudo park nsonism, tardive dyskinesia, and a variant, tardive 
dystonia. Contact dermatitis is a poss bility if Compazine Injection (solution) inadvertently 
gets on hands or clothing 


Other adverse reactions reported with Compazine or other phenothiazines: Some 
adverse effects are more frequent or intense in specific disorders (e.g., severe hypoten- 
sion in mitral insufficiency or pheochromocytoma). Grand mal and petit mal convulsions 
altered cerebrospinal fluid proteins; cerebral edema; proiongation and intensification of 
the action of C.N.S. depressants. atropine, heat and orgamophosphorus insecticides; 
dryness of mouth, nasal congestion, headache, nausea, constipation, obstipation, 
adynamie ileus. ejaculatory disorders’/impotence, priapism. atonic colon, urinary 
retention, miosis and mydriasis; reac? vation of psychotic processes, catatonic-like states; 
hypotension (sometimes fatal); cardiec arrest; pancytopenia, thrombocytopenic purpura 
eosinophilia, hemolytic anemia aplastic anemia: biliary stasis; hyperglycemia, hypogly- 
cemia, glycosuria, lactation, galactormea, gynecomastia. menstrual irregularities, false 
positive pregnancy tests photosensitivity, itching, erythema, urticaria, eczema up to 
exfoliative dermatitis; asthma, laryngeal ecema: angioneurotic edema, anaphylactoid 
reactions: peripheral edema. reversed epinephrine effect"hyperpyrexia; mild fever after 
large |.M. doses. increased appetite; increased weight: a systemic lupus erythematosus 
like syndrome; pigmentary retinopathy; neuroleptic malignant syndrome, which may be 
fatal; with prolonged administration of substantial doses, skin pigmentation, epithelial 
keratopathy, and lenticular and corneal deposits 

EKG changes have been reported. Discontinue long-term, high-dose therapy gradually 
Note: Sudden death in oatients taking phenothiazines (apparently due to cardiac arrest or 
asphyxia due to failure of cough reflex) has been reported 


Supplied: Tablets—5, 10 and 25 mg.. in bottles of 100; Spansule” capsules—10, 15 
and 30 mg., in bottles of 50; Injection—5 mg./ml. in 2 mi. ampuls, 10 ml. vials and 

2 mi. disposable syringes; Suppositories—2'2, 5 and 25mg.; Syrup—5 mg./5 ml.; 
Single Unit Packages of 100 (intended for institutional use only)—5 and 10 mg. tablets; 


10, 15 and 30 mg. ‘Spansule’ capsules. 





BRS-CZ:L68 


*Data on file, SK&F 


Smith Kline &French Laboratories 
A SMITHKLINE BECKMAN COMPANY 
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Effect of Altered Volume of 
Distribution on Aminoglycoside Levels in 


Patients in Surgical Intensive Care 


Paul W. Niemiec, Jr, PharmD; Maria D. Allo, MD; Clair F. Miller, MD 


è The apparent volume of distribution (Vd) of aminoglyco- 
sides was found to be increased in 100 patients in a surgical 
intensive care unit who had gram-negative pneumonia or intra- 
abdominal sepsis and acute physiologic scores greater than 
12. Following loading or maintenance doses, carefully timed 
blood samples were collected for measurements of serum 
concentrations by fluorescence polarization immunoassay. 
The Vd, determined by linear regression analysis of a one- 
compartment model using the Sawchuk-Zaske method, was 
0.34 + 0.121 L/kg and was larger than the normal Vd of 0.20 to 
0.25 L/kg, suggesting a 36% to 70% increase in extracellular 
fluid volume. Since there is a predictable increase in aminogly- 
coside Vd in the septic surgical patient, a proportionately 
larger aminoglycoside dosage is required initially to achieve 
desirable peak serum levels. Close monitoring of blood levels 
during maintenance dosing is suggested since dynamic 
changes in renal function and aminoglycoside Vd occur in the 
critically ill. 

(Arch Surg 1987 ;122:207-212) 


minoglycoside antibiotics remain important in the treat- 
ment of nosocomial infections caused by gram-nega- 

tive aerebie bacteria.’ Their successful use in critically ill 
patients, however, is complicated by dose-related toxic 
effects and difficulties in achieving therapeutically effective 
serum concentrations due to pathophysiologic factors that 
influence aminoglycoside distribution and renal elimina- 
tion.** Successful treatment of systemic gram-negative 
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bacterial infections with aminoglycosides may depend on 
attainment of therapeutic serum levels within 24 to 72 hours 
of initiation of therapy as well as maintenance of therapeutic 
levels throughout the majority of the dosing interval.‘ 
Noone et alë correlated clinical response with peak gen- 
tamicin concentrations of 5 mg/L or more and 8 mg/L or 
more in patients with gram-negative bacteremia and pneu- 
monia, respectively. Recent reports in a large series of 
patients suggested a similar association between early and 
adequate aminoglycoside blood levels one hour after infu- 
sion and clinical response in patients with gram-negative 
bacteremia and pneumonia.*’ 

Substantial intrapatient and interpatient variation of 
aminoglycoside volume of distribution (Vd) affects dosage 
requirements and limits the accuracy of dosing nomo- 
grams." Manufacturers’ dosage recommendations (genta- 
micin sulfate and tobramycin, 3 to 5 mg/kg/d; amikacin 
sulfate, 15 mg/kg/d) and nomograms result in subthera- 
peutic blood levels in many critically ill patients.***” Un- 
derestimation of aminoglycoside Vd may partially explain 
these observations in patients who have pathophysiologic 
reasons for body-water dislocations. The present study was 
undertaken to identify patient-specific aminoglycoside 
pharmaeokinetic variables and dosing requirements in pa- 
tients in a surgical intensive care unit (ICU). 


PATIENTS AND METHODS 


Since July 1984, we pharmacokinetically evaluated 100 patients 
with acute physiologic scores" greater than 12 with culture-proved 
gram-negative pneumonia, intra-abdominal sepsis, or gram-nega- 
tive bacteremia (not related to catheter sepsis) for whom aminogly- 
coside therapy with gentamicin, tobramycin, or amikacin was 
prescribed. Our aim was to optimize the dosing regimens. Choice of 
aminoglycoside was based on pathogen sensitivity and, in select 
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Table 1.—Pharmacokinetic Equations* 


Variable Units Equation 
Volume of distribution (Vd) L Ko(1—e-Ket) 
Ke(Cp max E CP rnin or 
h-' In Cp.—1 (In Cp,) 
In Cp, 




























Elimination rate constant (Ke) 











t-t, 





Half-life h 





0.693 
Ke 
Peak serum concentration (CPex) mg/L Ko(i—e-Ke t) 
Ke Vd (1—e-Ke 7) 
Trough serum concentration (Cp,,,,) mg/L Ko(e“e t— 1) 
Ke Vd (eke T— 1) 
*Ko indicates infusion rate (milligrams per hour); t, infusion time (hours); T, 


dosing interval (hours); Cp,, serum concentration at time 1 (milligrams per 
liter); and Cp,, serum concentration at time 2 (milligrams per liter). 

















Table 2.—Aminoglycoside Pharmacokinetic Variables 


in Surgical ICU Patients* 


Age, No. of No. of Vd, 
y Determinations Patients (M/F) L/kgt Ke/h 


=40 28 14 (9/5) 0.34+0.122 0.24+0.10 
41-60 52 20 (16/4) 0.36+0.140 0.15+0.09 
6 1 58 (31/27) 0.33+0.111 0.12+0.08 


1-80 37 
80 18 8 (5/3) 0.38+0.127 0.12+0.06 
I 235 


> 
Tota 100 (61/39) 0.34+0.121 0.14+0.09 


*ICU indicates intensive care unit; Vd, volume of distribution; and Ke, 
elimination rate constant. 
tStandardized to actual body weight. 





cases, in vitro synergy studies. Gentamicin was used when clear- 
cut differences in susceptibility were not identified, since it costs 
substantially less than other aminoglycosides. 

Aminoglyeoside loading doses of 1.5 to 2.0 mg/kg of actual body 
weight for gentamicin sulfate or tobramycin and 5.0 to 7.5 mg/kg 
for amikacin sulfate were administered intravenously over 30 
minutes by infusion pump at a site in close proximity to the patient. 
Initial maintenance doses were established on the basis of an 
estimate of creatinine clearance and use of dosing nomograms 
pending blood level assessment.” In patients with baseline 
aminoglycoside levels of zero, two carefully timed serum samples 
were collected after administration of the loading dose during the 
postinfusion pseudoequilibration phase from an arterial line or site 
contralateral to the infusion site. The first sample was collected 
one hour after completion of the loading dose infusion, and the 
second sample was obtained one to 15 minutes prior to the next 
dose. In patients with baseline aminoglycoside levels greater than 
zero, a preinfusion serum sample was collected in addition to two 
postinfusion samples to characterize Vd. Sampling times and 
duration of infusion were carefully recorded on a pharmacokinetic 
dosing card and used in pharmacokinetic calculations. Aminoglyco- 
side blood levels were assayed by fluorescence polarization immu- 


-noassay (coefficient of variation + 3%) within eight hours of collec- 


tion or frozen for subsequent assay, with concurrent penicillin 
therapy noted on the laboratory requisition to facilitate proper 
sample handling. 

Postinfusion serum concentration-time data were fitted to a 
single exponential term using linear regression analysis, providing 
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Table 3.—Effect of Site of Infection on 
Volume of Distribution (Vd) 






No. of No. of 











Site Patients Determinations Vd/kg, L/kg* 

Peritonitis with 

Visceral perforation 20 38 0.33 

Small bowel 4 7 0.27 

Diverticula coli 2 2 0.37 

Stomach/duodenum 5 9 0.34 

Colon 9 20 0.38 

intra-abdominal abscess 11 29 0.32 
Pancreatitis 7 23 0.31 










18 





Without abscess 2 5 0.22 
Hepatobiliary sepsis 10 20 0.38 
Without ascites 10 











With ascites 

Pneumonia 
With intra-abdominal 

sepsis 

Without intra-abdominal! 

sepsis 

*No significant differences among these categories. 









estimates of elimination rate constant (Ke, per hour) and serum 
concentration (milligrams per liter) on the regression line at zero 
time after infusion. These data were used in conjunction with a 
preinfusion serum concentration to determine aminoglycoside 
apparent Vd (liters), accounting for drug elimination during infu- 
sion and during time to peak serum concentration sampling.” 
Pharmacokinetic equations used in this report are shown in Table 
1. The Vd and Ke were subsequently used to calculate a patient- 
specific dose and dosing interval that would produce desired levels 
of 5 to 10 mg/L for gentamicin and tobramycin and 20 to 40 mg/L for 
amikacin one hour after infusion.’ Peak and trough serum concen- 
trations were remeasured in 24 to 48 hours after initiating phar- 
macokinetically individualized dosage regimens when possible. 
Measured concentrations were compared with desired concentra- 
tions in patients with stable renal function (serum creatinine 
change, <20% over last 24 hours) when approximate steady-state 
blood levels had been achieved (four times drug half-life). 


RESULTS 


One hundred patients (39 women and 61 men) ranging in 
age from 19 to 91 years and weighing 71+ 15.7 kg (range, 43 
to 132 kg) had 235 pharmacokinetic characterizations (Table 
2). Mean drug Vd standardized to actual body weight 
was ).34+0.121 L/kg (range, 0.12 to 0.83 L/kg) and was 
similar in all age groups. The enlarged Vd in this series of 
patients reflected a 36% to 70% increase over generally 
accepted Vd values (0.20 to 0.25 L/kg) on which amino- 
glycoside dosing nomograms are based.** Mean Ke was 
0.1478 + 0.0951/h (range, 0.0110 to 0.4229/h), reflecting vari- 
able aminoglycoside half-lives ranging from 1.6 to 63 hours. 
Mean drug half-life increased from 2.8 to 5.6 hours as 
patient age increased. 

Further analysis in 88 of the patients who had three or 
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Discussion 


Josepa S. SOLOMKIN, MD, Cincinnati: This study by Dr Allo 
and her «o-workers describes the consequences of serious systemic 
sepsis amd aggressive hemodynamic support with antibiotic ther- 
apy. Dr Allo’s work is timely because the recent availability of very- 
broad-spectrum eephalosporins has allowed us to reduce aminogly- 
coside therapy in non-life-threatening infections. The corellary, of 
course, 3 that as we restrict aminoglycoside usage to the types of 
serious nfections described in this report, the outcome becomes 
more clearly and precisely related to achieving adequate peak 
levels. 

I would like te focus most of my comments on the techniques 
described in this report for achieving what might be called 
adequate peak levels. In particular, for certain infections, such as 
Pseudomonas pneumonias or burn-wound sepsis, maximal effec- 
tiveness of aminoglycoside therapy only comes at peak levels very 
close tothe margin of toxicity. Clearly, aminoglycoside monitoring 
by one technique or another is mandatory for these types of 
patients. 

This slide is an attempt to summarize a couple of points. First, 
the model that Dr Allo is using is a one-compartment model, with 
peak levels being drawn approximately one hour after completion 
of the mfusion. This model hinges importantly on the light blue 
part of “his curve and the break in the curve. This early distribution 
phase m norma! volunteers is relatively modest and brief. How- 
ever, there has been some concern that in the types of patients Dr 
Allo described, with large Vds, this equilibration from the vascular 
space mto the extracellular water space may begin to affect the 
timing of levels. 

The other paint is that when the end point, the last level, is 
drawn very far out on the serum curve, you begin introducing 
errors based on the percentage of the sample size. 

Theapproach we have taken to this is to draw four levels for these 
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patients: a trough level before the infusion and levels at 1, 3, and 6 
hours after infusion. This is an attempt to fix rather precisely 
where the slope of this curve is, because we believe that the peak 
level is very critical in determining therapeutic effectiveness. 

I would like to go through some data we have put together using a 
slightly more complex design. We took eight patients in our ICU 
and obtained ten levels around one dose. We saw an encrmous 
increase in the Vd. With this degree of volume expansion, approx- 
imately 30 kg of a 50-kg man is Vd of the drug, which is more than 
double that in normal patients. The enormous SDs in both the Vd 
and in the distribution elimination rate constants further support 
monitoring of serum levels. 

We manage patients somewhat differently than Dr Alle does, 
and we have a somewhat different population. Clearly. these 
numbers, ours and hers, are very similar and emphasize the 
importance of determining levels. 

Dr Allo, with a half-life of four hours, ie, the average patient 
receives a dose every 24 hours, what do you consider to be the 
greatest interval between doses that is adequate? In other words, 
if you are giving a dose once a day to a patient, and you are relying 
on this peak level to achieve effective therapy, when do you reach 
the point? Is it 36, 48, or 72 hours when that is no longer effective or 
appropriate? 

Also, are you satisfied that a one-compartment model with 
sampling, as you have described, is optimal? 

Finally, given the fact that these patients vary dramatically in 
their volumes—as they recover from their infection, they begin 
diuresing their fluid load—how often should this type of battery be 
repeated? 

Pauw R. SCHLOERB, MD, Rochester, NY: Methods for measur- 
ing volume include the use of bioimpedance. Several papers last 
week at the Federation meetings confirmed our own experience, 


Aminoglycoside Levels—Niemiec et al 211 


= 7 
‘ F 
4 















and that of a couple of published articles. There is a very good 
correlation between bioimpedance and total body water in the 
normal individual. 

I would quarrel with the authors a bit about the term volume of 
distribution, since you have not measured any of the referenced 
volumes and probably do not have data to support equality of 
distribution among the various phase volumes. Perhaps it would be 
better to call it the apparent volume of distribution. Indeed, one 
could argue that there are not two or three or some small anatomic 
number of compartments but, rather, an infinite number of com- 
partments participating in this dilution. 

N. JOEL EHRENKRANZ, MD, Miami: I would like to emphasize 
Dr Solomkin’s point about the need to restrict the usage of 
aminoglycosides. I have much concern about the authors’ premise 
that aminoglycosides are still extremely important in this time of 
third- and fourth-generation cephalosporins and bactams, and 
with quinolones on the horizon. 

The aminoglycosides infuse poorly into organs. They are inacti- 
vated by pus and by a low pH, and they are costly to use. Even the 
very cheap gentamicin, which is probably 30 or 40 cents a dose, 
becomes expensive when you consider the need to do this type of 
monitoring to determine its use. Aminoglycosides are toxic; multi- 
dose nephrotoxicity is possible, and occasionally a diuretic plus one 
dose of an aminoglycoside can result in deafness. 

Therefore, I suggest that rather than use the aminoglycosides in 
infections of undetermined cause, we restrict them to those 
situations in which they are demonstrated to be more effective and 
safer than other available drugs. I think that under these circum- 
stances you will find very few uses for aminoglycosides. 

Dr ALLO: I agree with Dr Solomkin’s first question regarding 
how many points on the curve we get. We get a peak level, and we 
try to get one or two levels along what he called the light blue area 
of his graph, which we consider to be that area within the first half- 
life of the drug. So his method and eur method are basically 
congruent. 

In terms of what we consider the maximum dosing interval in 
patients who are suffering renal failure, every 36 hours appears to 
be reasonable. These patients maintain their steady-state levels 
for the majority of the dosing interval, and we consider that 
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sufficient. In patients with variable renal function, the maximum 
dosing interval that we consider reasonable is anywhere between 
24 and 48 hours, our goal being the maintenance of a therapeutic 
level for more than 50% of the dosing interval rather than any 


specific time. This somewhat depends on the patient's own constant 


of elimination and other factors relating to the renal function. 

I think that one-compartment models are adequate. There have 
been many studies in both the pharmacologic literature and the 
clinical medical and surgical literature that attest to this as being 
adequate for describing the acute dynamic situation when you want 
to estimate a dosage for these drugs. 

The so-called three-compartment model addresses the fact that a 
portion of the drug that is given to the patient will go to the tissue, 
and another part of the drug dose will be slowly eliminated over a 
long time. The elimination phase for these drugs is slow and long. 
When the patients receive a loading dose, one can assume for 
clinical purposes that the steady state will reflect the serum levels. 

In terms of the question of apparent Vd vs true Vd, I concede 
that question. We do not measure bioimpedance or total body 
water. 

Our study was the result of looking at the situation in our ICU, 
where the majority of patients, having had their dosages estimated 
by nomography, had subtherapeutic levels of drugs. The study 
really arose from the question of how can we better treat our 
patients’ infections using these drugs. 

In terms of Dr Ehrenkranz’s concerns, we concede that if 
aminoglycosides can be substituted with something else, they 
should be, but it has been our experience that the kinds of 
organisms we deal with sometimes force our hands. The majority of 
patients in our unit who are very sick are treated with drug 
combinations that include aminoglycoside. We are repeatedly faced 
with patients with Pseudomonas pneumonia due to panresistant 
strains of Pseudomonas, which show only in vitro synergy to, in 
one case, amikacin and piperacillin sodium and, in another case, to 
ticarcillin disodium and tobramycin. We have had very poor results 
using the thienamycin derivatives imipenem, cilastatin sodium, 
and thienamycin and some of the third-generation cephalosporins 
as single agents in these very ill patients. 


In Other AMA Journals 


ARCHIVES OF OTOLARYNGOLOGY—HEAD AND NECK SURGERY 
Squamous Cell Carcinoma With Positive Margins 
Larry A. Zieske, MD; Jenas T. Johnson, MD; Eugene N. Myers, MD; Patricia B. Thearle, RN 


The charts of patients treated surgically for squamous cell carcinoma of the head and neck were reviewed 
retrospectively to correlate the pathologic report of the adequacy of margins with subsequent treatment and 
eventual outcome. Three hundred forty-nine patients were studied. Thirty-one patients (8.8%) had positive 
margins. Positive margins were most commonly encountered in patients with tonsillar and hypopharyngeal 
lesions. Twenty-nine (94%) of the patients had stage III or IV disease. Two patients (6.4%) remain free of 
disease 36 months or longer following surgery. Radiation therapy was administered postoperatively to 25 
patients. Sixty percent of these patients failed to achieve local-regional control, and 84% are dead of disease. 
When free margins of resection cannot be obtained due to anatomic limitation , postoperative radiation therapy 
has been unsatisfactory in our hands. Alternative treatment, such as radiation implants or chemotherapy, 
would appear to offer the only hope of improving the chances for long-term survival (Arch Otolaryngol Head 
Neck Surg 1986;112:863-866). 
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~ The New Standard 
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The GORE-TEX Suture has emerged 
J. as the new standard for nonabsorbable sur- 
gical sutures. Clinical investigators found that in 
over 1000 varied surgical procedures, the GORE-TEX 
Suture was consistently easier to handle and dependably 
stronger thanother commercial sutures. 


è 
In Handling. 

The most obvious difference is in the handling. 
First, there is no package memory. Second, it is pliable 
and responds quickly. Third, knot tying is fast, accurate 
and secure. But she only way for you to really judge 


P performance and reliability of the GORE-TEX Suture, 
“is for you to TRY IT. 


In Performance. 


With over ten years experience and one million 


implants of GORE-TEX® ePTFE Medical Products 


A BRIEF SUMMAEY: GORE-TEX™ SUTURE ePTFE NONABSORBABLE MONOFILAMENT 







"© behind us, you can depend on that 


same high quality in the GORE-TEX Suture. 


ENAS 


Eaa Justlike the GORE-TEX® Vascular Graft, 


the Suture is biocompatible and not subject to in vivo 


degradation. 
Try It. 


Superior handling and proven performance are 
just two of the reasons to use our Suture. The closely 
approximated suture/needle ratio, which helps 
reduce anastomotic bleeding, is another. This can result 
in a savings of valuable OR time, costly coagulants 
and blood. Unsurpassed strength and quality needles 
are even more reasons. 

But the only sure way for you to judge the 


GORE-TEX Suture, TEX 


isto TRY IT. 





DESCRIPTION The GORE-TEX Suture is a nonabsorbable, monotilament 
suture manufactured fram pelytemafluoroethylene (PTFE) that has been 
expanded to produce a porous microstructure which is approximately 50% air 
by volume. The porous naturesof the GORE-TEX Suture enables it to be 
swaged to needles that closelyappreximate the diameter of the thread, without 
compromising the strength of the needle attachment. Clinical and laboratory 
testing demonstrates that GORE-TEX Sutures can reduce suture line bleeding 
The suture is not dyed and dees nor contain additives 


ACTIONS PTFE is one of me mest inert materials known and has been shown 
in.clinical trials to elicit miniral tisse reaction. The GORE-TEX Suture is 

Mi absorbed or subject to weakening by the action of tissue enzymes. It does not 
; agrade in the presence of intctior 


The internodal spaces permitmfiltætion of fibroblasts and leukocytes. Tissue 
attaches to and collagen penesratesento the GORE-TEX Suture. This incor- 
porating response may actuall® reirmorce the action of the suture, strengthening 
the surgical closure withtime 


INDICATIONS The GOF=-TE= Suture is indicated for use in all types of soft 
tissue approximation, including ume in cardiovascular surgery but not in 
ophthalmic surgery microsurgery, aed neural tissue. It is recommended for use 
where reduced suture line bleedingciuring cardiovascular anastomotic pro- 
cedures is desired 


CONTRAINDICATIONS There are no known contraindications 


WARNINGS The safety and effectiveness of this suture in neural, micro- 
surgical, and ophthalmic applications has not been established 


Tissue invasion of the GORE-TEX Suture can result in attachment of the 
suture to the tissue it penetrates. Such attachment may make removal of the 
GORE-TEX Suture difficult 


Do not resterilize using radiation or steam 


PRECAUTIONS Misuse of this suture. like any other suture, can result in 
severe injury or death to the patient. As with any suture, care should be taken 
to avoid damage when handling. Avoid crushing or crimping the suture with 
surgical instruments or exposing the suture to sharp edges. In order to minimize 
needle damage, do not drive the needle from the channel where the suture 

is attached 

Knot security requires standard surgical technique of flat and square 

ties with additional throws as indicated by surgical circumstances and the 
experience of the surgeon. When the GORE-TEX Suture is properly tensioned 
and formed, standard surgical knotting techniques will produce a secure knot 


ADVERSE REACTIONS None reported 


800-528-8763 


CREATIVE TECHNOLOGIES 
WORLDWIDE 


GORE-TEX is a trademark of 
W.L. Gore & Associates, Inc. 
© 1987 W L Gore & Assoc lates, Inc 
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‘Doctors’ Sunrise” — February 1987 February Special Programs 


MONDAY TUESDAY NEDNESDAY THURSDAY FRIDAY SATURDAY ‘Serum Cholesterol and the 
LDL Receptor: 


: > oan] 2 : p 
Brief Brief m ANS E. Brief The Evaluation of Understanding” 
Summaries Summaries Summaries | Summaries Summaries Brief Presented by Merck Sharp & Dohme 


Cardiology | Family Pediatrics Family Cardiology | Summaries ihe NO 


nae oe Sunday, February 1 5:30 PM, 12:00 Mid. 
Update I (R Medicine Jpdate Medicine Update Ii (R 
Update e Update rs (R) Sunday, February 8 6:30 PM 


Sunday, February 15 5:30 PM 
Cardiology Internal Sunday, February 22 5:00 PM, 12:00 vil. 

Update ll Physicians’ Physicians’ Medicine AMA 7 ra 

Journal Journal Update (R) | Video “Cause of Death: Influenza 
Cardiology Update (R) Update Internal Clinic Presented by PPS through an educational 
Update / Medicine grant from DuPont Pharmaceuticals 
Update (1 hour) 
Sunday, February 1 6:00 PM 

Copyright 1987 Lifetime. All rights reserved (R)—Repeat of previous episode All times listed are for the Eastern Time Zone Sunday, February 15 4:30 PM 
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“Tm making 
house calls 
on doctors... 


throughout 
February on 
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Flow Cytometric Measurement of 
Rat Lymphocyte Subpopulations After 
Burn Injury and Burn Injury With Infection 


David G. Burleson, PhD; George K. Vaughn; Arthur D. Mason, Jr, MD; Basil A. Pruitt, J r, MD 


® Increased infection rates in burned patients may result 
from a disproportionate increase in the suppressor sub- 
populations. Measurement of lymphocyte subpopulations is 
difficult in burned patients because gradient-purified cells are 
contaminated by nonlymphoid cells. The accuracy of flow 
cytometric subpopulation analysis was improved by restrict- 
ing (gating) the analysis to cells with light-scatter intensity 
typical of lymphocytes. Blood was obtained 48 hours after 
burn from rats receiving no burns, 30% scald burns, or burns 
seeded with Pseudomonas aeruginosa to induce infection. 
Subpopulations were identified by monoclonal antibodies to 
T-lymphocyte antigens. Gating increased the values obtained 
for most subpopulations, but the relative differences between 
groups were unchanged. Burned and infected animals, but not 
animals burned only, had a decreased ratio of helper to 
Suppressor lymphecytes (HSR) relative to control. A de- 
creased HSR correlated with sepsis, but not with infection 
susceptibility. This suggests that a decrease in HSR may be a 
result of infection rather than a cause of susceptibility to 
infection. 

(Arch Surg 1987;122:216-220) 


} J ematologic cellular responses to burn trauma typically 

include leukocytosis, lymphopenia, and monocyto- 
sis.’ The relationship between mortality due to infection 
and the changes in the cellular components of host defense 
is still a mystery. Many changes of in vitro immune cell 
function have been described in burned patients, but there 
is no conclusive evidence that these changes underlie defec- 
tive host defense mechanisms. 

Several studies have reported changes in the relative 
proportions of lymphocyte subpopulations in burned pa- 
tients. The helper-suppressor ratio (HSR) has been re- 
ported to be decreased in burned patients up to 21 days after 
burn,” and a decreased HSR more than 14 days after injury 
was reported to be associated with an increased frequency 
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of sepsis and mortality.’ These observations suggest the 
possibility that increased proportions of suppressor cells 
may initiate the susceptibility to infection observed in 
burned patients. 

An accurate evaluation of the role of lymphocyte function 
and phenotype in host defense requires that observations be 
made en samples of known cell composition. Studies of 
lymphocytes from burned patients are difficult because of 
contamination of lymphocyte preparations by other cell 
types.*° The complex morphologic and physical changes in 
the blood leukocyte populations subsequent to burn injury 
result in co-purification of abnormal granulocytes and 
monocytes with the lymphocytes on Ficoll-Hypaque den- 
sity gradient separation procedures. The problem is often 
exaggerated by lymphopenia. The interpretation of in vitro 
studies is uncertain because the extent of the contamination 
may not be known, and the effect of the contamination on 
the parameters being measured is unpredictable even if the 
extent ef contamination is known. In this report we describe 
subpopulation analysis in a rat burn model in which density- 
purifiec leukocytes were preanalyzed by light scatter dur- 
ing flow cytometry to exclude contaminating leukocytes 
and increase the accuracy of the results. 


MATERIALS AND METHODS 


Male albino rats (300 to 400 g) were randomly assigned to one of 
three groups: an unburned control group, a burned group, and a 
burned group with infection. All animals were anesthetized with 
pentobarbital (1 mg/100 g of body weight, given intraperitoneally); 
those m the burned groups were shaved and subjected to a full- 
thickness burn covering 30% of total body surface area by 10-s 
immersion in boiling water. Infection was induced by seeding 1 mL 
of a 16-hour broth culture containing approximately 10° Psewdomo- 
nas aeruginosa (strain 59-1244) on the burned dorsum within one 
hour of sealding. The rats were anesthetized with pentobarbital 48 
hours after burn and exsanguinated by drawing blood from the 
hepatic vein. A portion of the blood sample (1 mL) was cultured in 
trypticase soy broth to ascertain the presence of bacteria. 

Total leukocyte counts were made with an automated counter, 
and blood smears were prepared for differential analysis. The cells 
having densities characteristic of normal lymphocytes were sepa- 
rated from other blood cells by centrifugation on a Ficoll-Hypaque 
density gradient. A portion of the isolated cells was used to prepare 
a slide for differential analysis, using a cytocentrifuge to assess the 
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Fig 1.—Ficoll-Hypaque—purified leukocytes (ungated) positive for 
a T-lymphocyte antigens. Cells from burned, burned-infected, and 
control rats were analyzed by flow cytometry for each of three 
surface antigens. Positive values are expressed as meampercent- 
age + SD of totai cells analyzed. Asterisk indicates P<.05. 


Table 1.—Helper-Suppressor Ratio Determined 
for Ficoll-Hypaque—Purified Rat Lymphocytes* 


Group Mean + SD Ratio P 


Contro! 2.28 + 0.30 i 
Bumed 2.13+0.32 Not significant vs control 


Burned-infectad 1.03 +0.54 <.001 vs control, <.001 vs burned 





*Percentages.of T-helper and T-suppressor cells were determined by flow 
cytometry and used to calculate the helper-suppressor ratio for each animal. 
The mean values and SDs were calculated for ten animals in each group. 






Table 2.— Differential Analysis of Ficoll-Hypaque Preparations 
by Light Scatter and Wright's Stain Morphologic Findings* 






% Lymphocytes (Mean + SD) 











Group By Light Scatter By Wright's Stain 
Control 77.6+11.01 91.0+9.9 
3 Burned-infected 56.4+16.3 74.9> 16.4 





*Gells were analyzed for light-scatter characteristics by flow cytometry, 
and the propertion of cells falling within the lymphocyte “window” was 
determined. A small aliquot containing approximately 105 cells was used to 
make a cytocentrifuge slide that was stained with Wright's stain and 
examined for the relative number of lymphoid and nonlymphoid cells under 
light microscepy. 


purity of the lymphocyte preparation. The remaining cells were 
stained with appropriate anti-rat lymphocyte monoclonal rea- 
gents, washed once, and further reacted with affinity-purified, 
fluorescein-labeled, goat anti-mouse IgG (Fab,’ fragments) as a 
second-step reagent. 

The fluorescein-labeled cells were analyzed on a flow cytometer. 
Fer each sample, 5000 cells were analyzed, and the numbers of cells 
labeled by fluorescent monoclonal antibodies specific for the 
pan—T-lymphocyte (W3/13), helper-inducer (W3/25), or suppressor- 
cytotoxic (OX-8) cell surface markers were determined. A negative 
centrol using a monoclonal antibody to human T cells was run with 
each cell preparation to determine the cutoff that distinguished 
negative and positive cells. The positive cutoff was set at a point 
defining the upper 5% or less of the background control, and the 
number of background control cells beyond the eutoff was sub- 
tracted from each sample. For gated analysis, nenlymphoid cell 
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Fig 2.—Forward angle light scatter and 90° scatter histograms. 
Light-scatter intensities for 5000 Ficoll-Hypaque—ourified cells 
determined by flow cytometry are displayed in two-parameter 
histograms. Top, Control; middle, burned; and bottom, burned- 
infected. 


contamination was monitored by analyzing forward-angle light 
scatter (FALS) and 90° scattered light. Cells with scattered-light 
intensities that fell outside limits established for normal lympho- 
cytes were removed from analysis (gated). 

Statistical analysis consisted of a pairwise analysis of means 
(t test) with a Bonferroni adjustment, performed on a minicom- 
puter. Results of gated vs ungated analyses were evaluated using 
Wilcoxon’s matched pairs signed-ranks test. 


RESULTS 


Ficoll-Hypaque—purified peripheral-blood lymphocytes 
isolated from the animals in each group were analyzed for 
T-cell subpopulation surface markers. After ungated flow 
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Fig 3.—Effect of light-scatter gating on T-lymphocyte populations. Mean percentage positive for each group was determined before and after 


gating. Top left, Pan-T antigen (W3/13); top right, helper-T antigen (W2/25); bottom left, suppressor-T antigen (OX-8); and bottom right, 


helper-suppressor ratio. Asterisk indicates P<.01 (n= 10). 


cytometric analysis, the number of lymphocytes from ani- 
mals in the burned-infected group was drastically reduced 
from that of the other two groups (55% of control; P<.01). 
The percentages of cells positive for pan-T (W3/13), helper- 
inducer (W3/25), and suppressor-cytotoxic (OX-8) markers 
in burned animals were not significantly different from 
those of unburned control animals (Fig 1). The burned- 
infected animals, however, had a significantly reduced 
proportion of cells positive for W3/25 (P<.05). The HSR for 
this group was also significantly reduced (Table 1). 
Analysis of light scatter from the cells obtained from 
animals of each group revealed significant differences in 
FALS and 90° scatter for animals in each group (Fig 2). 
Intensity of FALS is proportional to cell size, while 90° 
light-scatter intensity is related to the amount of cytoplas- 
mic structure present in the cell (ie, granules and Golgi 
structure). Ficoll-Hypaque preparations from control ani- 
mals were composed of 91.9% lymphocytes as judged by 
morphologic findings after Wright’s stain (Table 2). In the 
isometric display in Fig 2, top, the Ficoll-Hypaque lympho- 
cytes from a control animal were concentrated in one peak 
near the origin and the monocytes (which have greater 
intensity of FALS and 90° scatter than lymphocytes) were 
scattered beyond the lymphocyte peak farther from the 
origin. Lymphocyte preparations from burned rats (Fig 2, 
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middle) had an increased number of cells (mostly monc 
cytes) with light-scatter intensity greater than that oi 
normal lymphocytes. Preparations from burned-infected 
rats had a large proportion of cells with increased light- 
scatter intensity (Fig 2, bottom), which corresponded with 
an increase in the number of cells with nonlymphoid mor- 
phologic features seen by light microscopy. Most of these 
nonlymphoid cells had the morphologic characteristics of 
immature granulocytes, reticulocytes, agranular polymor- 
phonuclear leukocytes, or monocytes. 

Since the presence of nonlymphoid cells could distort the 
values obtained for the lymphocyte subpopulations, a more 
accurate value might be obtained if only those cells scatter- 
ing light typical of lymphocytes were included in the analy- 
sis. The data were reanalyzed with a predetermined light- 
scatter window set to exclude electronically from analysis 
cells falling outside the limits of normal lymphocytes (a 
process referred to as gating). The relative number of cells 
falling within the lymphocyte gate was compared with the 
number of lymphocytes determined by light microscopy 
after Wright’s stain (Table 2). Because light scatter is less 
specific than morphologic features on Wright’s stain in 
differentiating lymphocytes from other cells, a highly re- 
strictive light-scatter window is set to ensure that all 
nonlymphoid cells are excluded from the analysis. As a 
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Fie 4.—Ficoll-Hypaque-purified positive T lymphocytes after gat- 
ing. All cells outside “lymphocyte” light-scatter window were 
removed from analysis. Positive cells for each antigen are ex- 
pressed as mean + SD percentage of total cells analyzed (n = 10). 
Asterisk indicates P<.01; dagger, P<.05. 


reult, about 15% of all cells with lymphocyte morphologic 
features are exeluded along with nonlymphoid cells. Signifi- 
cently fewer cells (P<.01) fell within the lymphocyte gate in 
the preparations from infected animals than in burned or 
unburned control animals. Correspondingly, the number of 
calls with _ymphocyte morphologic features was also de- 
ceased in che infected group. 

The pereentage of surface antigen—positive cells was 
recalculated for the cells falling within the lymphocyte 
window. The results of the recalculation are shown in Fig 3. 
Gating of the cells with higher-intensity scatter increased 
fhe proportion of W3/13- and W3/25-positive cells for both 
e burned and burned-infected groups. Gating also in- 
d the proportion of W3/25-positive cells in the con- 

-fols. There was no significant change in the proportion of 
K Y&-&-positive cells except for a decrease in the control 
2roup. 

Although the percentage of positive cells for most anti- 
gens and the HSR changed after gating, a pairwise compar- 
ison of the groups using the gated data (Fig 4) illustrates 
-that the relationships among the three groups remained 
relatively unchanged from the ungated analysis (Fig 1) for 
each of the lymphocyte subpopulations. Cells from burned- 
infected animals displayed the only significant changes 
from control: a decrease in the helper cells (P<.01), an 
increase in the suppressor cells (P<.05), and, as a result, a 
decreased HSR. 


COMMENT 


The changes in leukocyte morphologic features that occur 
after burn injury and burn injury with infection result in 
contamination of Ficoll-Hypaque—purified lymphocytes. 
This complex mixture of nonlymphoid cells could distort the 
values obtained for lymphocyte subpopulations in two ways. 
First, they could decrease the positive determinations by 
diluting the number of lymphocytes present in the prepara- 
tion. Second, immature cells and nonlymphoid cells are 
often “sticky” and bind the fluorescent reagents in a non- 
specific manner, and they might increase the observed 
percentage of positive values. Measures of in vitro lympho- 
cyte function, such as phytohemagglutinin proliferation 
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assays, could also be altered in an unpredictable m | 
the presence of nonlymphoid cells. Consequently, lympho- 


cyte subpopulation values and function tests determinedon — 3 


Ficoll-Hypaque-purified cell preparations from trauma pa- 
tients need to be interpreted with caution. 

Gating cells on a “normal” lymphocyte light-scatter win- 
dow increased the percentage of positive values for both the 
pan-T and helper subsets in the burned and burned-infected 


groups. Gating also increased the percentage of cells 


positive for the helper subset in the control group. This 


increase in the proportion of positives after gating indicates 
that cells omitted by gating were negative for the subset 


marker used. These gated cells were monocytes in the 
control and burned animals but a more complex mixture of 
cells in the burned-infected animals. The fact that the 
suppressor subset was decreased by gating in the controls 
and unchanged in the experimental groups probably re- 
flects OX-8 binding to some monocytes, a phenomenon that 
has been noted previously.’ 

The changes observed in percentage of positive values for 
the lymphocyte subsets with and without gating were not 
drastically different. The differences of the experimental 
groups from control were relatively unchanged by gating 
(Fig 1 vs Fig 4). Thus, although the results of the gated 
analysis were statistically different in most cases, the 
outcome of the experiment was not altered by gating. 

Rats receiving a full-thickness burn covering 30% of total 
body surface area will normally survive if left unchallenged 
but are uniquely susceptible to infection. When given an 
infection challenge within 24 hours after injury, all will die 
with sepsis.” The burn injury—induced changes in host 
defense mechanisms responsible for this susceptibility are 
still unknown. Burn injury induces no significant change in 
the HSR in the infection-susceptible but uninfected ani- 
mals, yet when this injury is complicated by infection we 
observe a drastically reduced HSR. Since the total lympho- 
cyte count decreases, this change in ratio results from a 
greater depletion of helper cells than suppressor cells. In 
this burn infection model, changes in HSR were induced by 
infection rather than by burn injury, ie, with infection, 
more helper cells than suppressor cells disappear from the 
circulation.’ 

The HSR in peripheral blood has gained popularity as a 
measure of immunosuppression, yet the validity of sub- 
population ratios as a measure of immunocompetence has 
been questioned.*” Our test of the validity of the HSR as an 
indicator of immune capacity was to use a carefully con- 
trolled burn infection model” where infection susceptibility 
is clearly related to burn injury and the complexity of the 
peripheral leukocyte populations compared with those com- 
monly induced in human patients by thermal injury is 
limited. We removed further ambiguity in the analysis by 
excluding cells with light-scatter intensity greater than 
that of lymphocytes. The clear dichotomy of the correlation 
between infection susceptibility induced by thermal injury 
and changes in the HSR in this model is further evidence 
that the HSR has limited applicability to prediction of 
infection susceptibility in burn victims. 


We wish to thank Ysidro Villarreal, Karen Wolcott, and Allyn Yballe- 
Calvo, MD, for their expert technical assistance, and Lana Kappauf for 
preparation of the manuscript. 
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Discussion 


Davip AHRENHOLZ, MD, St Paul: Dr Burleson and his associ- 
ates have critically looked at the lymphocyte populations isolated 
from rats by traditional Ficoll-Hypaque sedimentation techniques. 
From our facility, Dr Robert Nelson reported at the 1985 American 
Burn Association meeting in Orlando that seme human neutrophils 
separated by Ficoll-Hypaque sedimentation layered out with the 
lymphocyte pool. We were concerned that in doing standard 
neutrophil function tests we were losing some neutrophil sub- 
populations during our separation technique, which were then net 
tested. 

Dr Burleson and his associates have addressed the problem ef 
whether contamination of these separated lymphocytes is affecting 
the reported levels of helper and suppressor T cells identified by 
monoclonal antibodies. They used flow cytometry with very 
narrow gate parameters te isolate pure lymphocytes at the expense 
of discarding some lymphocytic cells in the process. Significantly, 
the observed fall in T-cell numbers and the depression of the HSR 
remain in the burned and burned-infected animals even in the 
highly selected cell populations. 

I have several questions for the authors. Based on this study, will 
they continue to use the Ficoll-Hypaque separation process or 
switch exclusively to the flow cytometric method? Have they 
tested these T cells identified by monoclonal antibody to see if they 
have retained their helper or suppressor function? Can they 
speculate on the reason for the loss of helper-cell activity in 
infected burned animals? In neutrophils we have observed that 
burn injury modulates expression of cell-surface antigens. Is the 
reduced helper-cell count a loss of menoclonal antibody-detectable 
surface receptors, a consumption of helper cells, or a failure of 
interleukin 2 to produce sufficient new helper cells in response to 
this marked stress? 

J. JEREMY Woop, BM, FRCS, Boston: I was responsible for 
writing up the data from our laboratory on studies instigated by Dr 
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John O’Mahony, and they were published last year in the Annals of 
Surgery. Those, of course, were human studies. I would like to 
outline what our findings were, because they were not dissimilar 
from those of Dr Burleson and associates. 

Essentially, in terms of methods, although we were using only 
four-directional scatter, we did use very tight lymphocyte gate 


settings, as the authors did, and we had similar findings, that if you 


had wide-open gates you saw lots of other cells that basically did 
not appear to be lymphocytes. 

In terms of actual cells that we identified, we found that the T3 
cells were reduced particularly if the burns were over 30% of body 
surface area, whereas there did not appear to be much effect due to 
sepsis on the distribution of T3 cells. However, when we looked at 
the T4 cells, the injury per se appeared to have no effect, whereas 
they were decreased in the group that was septic or subsequently 
became septic. 

Have the authors looked at burns that are more extensive than 
the ones shown here, which I think were about 25% of body surface 
area? I believe they have experience with a larger burn in their 
model, and I think it would be interesting to know if there was any 
change in the T3 cells without a larger burn. 

Finally, I also agree with the authors that the HSR is, by and 
large, not a very useful index, and if it is changed it is usually due to 
a decrease in T4 cells rather than an increase in T8 cells. 

PauL NarHan, MD, Cincinnati: I wonder if the authors have 
considered that in gating the situation to the degree they did, they 
have eliminated a lot of cells. Obviously, they have selected out the 
normal lymphocytes and showed they are the same as in the normal 
animal. There are a lot of cells of unknown function in the group 
they are not measuring, which, let’s say, are suppressor cells. 

Dr BuRLEson: Dr Ahrenholz had several questions. As to 
whether we will continue to use Ficoll-Hypaque separation, be- 
cause the leukocyte populations in burned patients are so complex, 
we have to concentrate the lymphocytes before analysis to obtain a 
sufficient number of lymphocytes to derive meaningful data. For 
the time being, we will continue to use Ficoll-Hypaque separa- 
tions, but we are seeking to improve the flow cytometric tech- 
niques so that we can measure lymphocyte subpopulations in whole 
blood without preliminary purification. 

In regard to the second question, we desire to use cell function in 
combination with cell phenotype as a measure of immunocompe- 
tence. Measurement of cell function may prove much more valuable 
than subpopulation analysis in evaluating host defense. We are 
investigating methods of measuring cell function by flow cytome- 
try. 

Third, as to the reason for the reduced helper count, we do not 
have complete data on this, but my own bias is that compartmen- 
talization is occurring. You can induce similar kinds of changes by 
administering steroids. For instance, administration of hydrocor- 
tisone can temporarily reduce lymphocyte counts and shift the 
lymphocyte subpopulations, apparently through forcing the lym- 
phocytes into systemic compartments for short periods. 

Dr Wood asked whether we have looked at more extensive burns. 
We have dene some preliminary work with larger burns, and I can 
say the cell populations are even more complex than in the 30% 
burns. The question we wanted to answer in this study, though, 
was whether a 30% burn, which induces infection susceptibility, 
correlates with a shift in subpopulations. We chose not to confuse 
that issue by using a larger burn with more complex cell composi- 
tions. 

In answer to Dr Nathan’s question about the morphologic 
features of the gated cells, we are planning to sort the gated 
populations and determine the morphologic characteristics of the 
cells that are removed by light-scatter gating. In other words, we 


will sort out the cells based on light scatter and study the cells with “s 
a particular light-scatter profile by light microscopy after Wright’s 


stain. 
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Local Heat Increases Blood Flow 


and Oxygen Tension in Wounds 


John M. Rabkin, MD, Thomas K. Hunt, MD 


è The effect of local hyperthermia on subcutaneous tissue 
oxygen tension (Psqo,) and perfusion was investigated in 
eight patients (13 trials) using a subcutaneously implanted 
oxygen tonometer. Application of heat increased subcuta- 
neous tissue temperature and Psqo,. Mean Psqo, during 
oxygen breathing rose by 39.5 mm Hg, an 80% increase over 
the average baseline Psqo,. The corresponding mean sub- 
cutaneous temperature increased 4.0°C. A significant linear 
correlation was found between the change in Psqo, and 
subcutaneous temperature. There was an average threefold 
increase in local perfusion estimated by using the Ficx princi- 
ple. The data reaffirm the value of local hyperthermia in 
treating contaminated wounds and suggest a mechanism for 
its ability to ameliorate infections. The mechanism implies that 
local heat may have prophylactic value as well. 

(Arch Surg 1987;122:221-225) 


inee the beginning of the recorded history of medicine, 
humans have treated wounds with hot packs. Accord- 
ing to Hippocrates, “Wounds love warmth; naturally, be- 
cause they exist under shelter; and naturally they suffer 
from the opposite.” Relief of pain and swelling in wounds so 
treated has kept heat a component of local care for cen- 
turies. With the development of antibiotics, however, lo- 
cally applied heat has fallen into relative disuse. It is still 
widely used to treat cutaneous abscesses and perineal 
infections (eg, sitz baths), but it is now often neglected in 
treating spreading cutaneous lesions such as cellulitis. 
Furthermore, the potential value of heat in preventing 
infection has never been explored. 

Infectability of tissues is inversely proportionate to blood 
flow. Furthermore, oxygenation is virtually totally depen- 
dent on perfusion in all tissues save corneas. Only limited 
improvements in total oxygen supply can be achieved by 
increasing arterial oxygen concentration above 100 mm Hg. 
Therefore, if much more oxygen is to be supplied to meet 
the metabolic demands of inflammation, perfusion to the 
infected tissues must be increased. Heat is the simplest and 
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perhaps the most effective means of reaching this goal. 

Current standard texts of surgery continue to indicate 
the importance of local heat in the treatment of infections, 
but no explanation of the mechanism of action is proffered.** 
In a survey of a group of surgeons in San Francisco, roughly 
50% thought that hot packs would not change perfusion, 
temperature, or oxygen tension (Po,) in subcutaneous 
tissue, and 50% thought that they would. Opinion was 
further divided as to whether tissue Po, would then rise or 
fall. Therefore, we measured temperature and Po, in sub- 
cutaneous wounds and calculated changes in perfusion from 
these measurements. 


MATERIALS AND METHODS 


The oximetry technique developed in our laboratory has been 
previously described.*” Briefly, a length of 1.3-mm (outer diame- 
ter), medical-grade Silastic catheter tubing was swaged to a 
modified 18-gauge spinal needle on one end and to a 22-geuge Luer 
lock intravenous catheter on the other. With the patient under local 
anesthesia, the needle was passed through the skin 3 to 5 mm deep 
into the subcutaneous tissue plane and then brought out through 
the skin approximately 7 cm away, pulling the attached Silastic 
tube into the subcutaneous position behind it. The needle was 
removed, leaving the hub at the entry site and the free catheter end 
in the exit site. The device was then secured in place using a sterile, 


Fig 1.—Temperature calibration curve of oximeter. There is incre- 
ment in oxygen tension (Po,) of approximately 2.5% per T°C. 
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transparent, adhesive dressing that covered the entry and exit 
sites in the skin. Two catheters were placed side by side approx- 
imately 1 cm apart, one for measuring subcutaneous tissue oxygen 
tension (Psqo,) and the other for measuring temperature. The 
upper part of the arm has been found to be a convenient, standard 
site for measuring. 

To measure oxygen, a platinum oxygen electrode sheathed in a 
21-gauge hypodermic needle was placed within the lumen of the 
Silastic catheter approximately 1.5 cm beyond the entry site in the 
skin. A silver-silver chloride reference electrode secured in a 
modified three-way stopcock was then placed into the catheter 
hub. Saline was infused through the stopcock, removing air from 
the catheter and creating a salt bridge between the electrodes. The 
Silastic catheter is freely permeable to oxygen but impermeable to 
fluids and bacteria. The oxygen current was measured by a 
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Fig 2.—Relationship between change in temperature and change in 
subcutaneous tissue oxygen tension (Psqo,). Linear correlation 
was found (P = .007). Change in Psqo, was calculated after correct- 
ing Psqo, measurements to patient's baseline temperature. 
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dedieated picoammeter. Polarization voltage was — 0.68 V. 

The output of the oxygen electrode is proportionate to tempera- 
ture: the temperature increment in Po, is 2.5% per 1°C (Fig 1). 
Subcutaneous temperature was measured in the adjacent, second 
Silastic sheath with a microthermister. Oxygen tension readings 
were corrected to the patient’s baseline temperature. 

The platinum sensing surface, 25 ym in diameter, measures 
oxygen in a hemisphere approximately 150 ym in diameter, far 
smaller than the inside diameter of the Silastic sheath. Thus, it can 
measure only the mean of all Po, values impinging on the sheath 
and hence on its saline content. Its average value in normal 
volunteers coincides with the mean Po, of dermis determined by 
the microelectrode technique.’ This value appears to be slightly 
below local venous Po,. 

After a stable baseline measurement was obtained with the 
patient breathing supplemental oxygen, a wet towel sealed in 
plastie and warmed to patient tolerance was applied to the arm 
directly over the catheters. The Psqo, measurements and tempera- 
ture were recorded until the Psqo, peaked. This value was then 
corrected for the temperature artifact. 

Two patients also underwent trials with ice packs. Values were 
similarly corrected for temperature. 


RESULTS 


Eight patients were studied a total of 13 times using the 
hot pack (Table 1). Five of the eight had undergone surgical 
procedures, two had been hospitalized for nonhealing cuta- 
neous ulcers, and one was treated medically for gastroin- 
testinal tract bleeding. 

The baseline Psqo, with supplemental inspired oxygen 
averaged 47.7+17.7 mm Hg (range, 30 to 90 mm Hg). 
The mean baseline subcutaneous temperature was 
34.0°C +1.3°C (range, 32.0°C to 36.3°C). 

With the application of heat for an average of 42 minutes 
(range, 25 to 60 minutes), Psqo, increased to a mean of 
87.2+17.4 mm Hg (range, 56 to 119 mm Hg, corrected for 


Table 1.—Changes in Tissue Oxygen Tension (Psqo,) With Heat 


Temperature, °C 
After 
Baseline Heating Change 
35.2 
37.4 
38.7 
38.4 
38.4 
38.7 
38.0 
38.1 
37.6 2.6 39 
39.3 6.3 43 


After 


Patient Baseline 


35.0 
6 33.0 
32.0 
7 35.3 
8 33.8 37.5 3. 
Mean+SD 34.0413 38.0+1.0 4.0+1.8 47.7+17.7 97.4+21.0 


39.1 7.1 43 145 
38.1 2.8 47 100 93 16.4 
7 78 123 112 


heating (or cooling) by this percentage. 
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Heating Temperature 


—10.2+6.4 87.2+174 39.5+168 
*Correction for temperature was calculated by multiplying change in temperature by temperature constant (2.5% per 1°C), and then multiplying measured Psqo, after 


Psqo,, mm Hg 
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Correction 


for Psqo, Change/ 
Corrected Change Temperature Change, mm Hg/C 


22.5 
9.0 
14.3 
—11 9.2 
-6 5.6 
—12 6.5 
5.9 
—10 6.7 
-5 14.2 
-19 103 9.5 
—26 119 76 10.7 
-7 46 ; 
34 9.2 
10.7 +4.9 
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temperature) during breathing of supplemental oxygen. 
The corresponding mean subcutaneous temperature was 
38 0°C +1.0°C (range, 35.2°C to 39.3°C). The average rise in 
Psqo, with the application of heat was 39.5+16.8 mm Hg, 
ranging from a lew of 10 mm Hg toa high of 76mm Hg. This 
corresponded te an average rise in subcutaneous tissue 
temperature of 4.0°C +1.8°C, which ranged from 1.2°C to 
7.1°C. There is a linear correlation between the change in 


Psqo, and change in subcutaneous temperature (P = .007) 
(Fig 2). fhe increase in Psqo, per 1°C of increase 
in subcut&neous tissue temperature (slope) averaged 


10.7+4.9 mm Hg per 1°C for these patients breathing 
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Fig 3.—Subcutaneous tissue oxygen tension (Psqo,) increases 
with application of heat. Each line represents distinct trial (n= 13), 
and each line style represents a different patient (n=8). Values of 
Psqo, were corrected to patient's baseline temperature. 
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supplemental oxygen. This increase ranged from 5.6 to 
22.5 mm Hg per 1°C (Fig 3). 

Two patients underwent a total of three trials with ice 
packs in place for an average of 28 minutes (range, 25 to 30 
minutes) (Table 2). The decrease in Psqo, per 1°C decrease 
in subcutaneous tissue temperature (slope) averaged 
4,.2+1.4 mm Hg per 1°C. This decrease ranged from 2.7 to 
5.5mm Hg per 1°C. The difference in slope between cold and 
heat was not statistically significant. 


COMMENT 


Most of the information available on the effect of heat on 
blood flow and Po, in tissues comes from the radiation 
oncology literature, in which the temperature of deep 
tumor tissues has been measured during microwave, ultra- 
sonic, or radiofrequency therapy.** These studies utilized 
bare-needle electrodes for monitoring tissue Po,. The vari- 
ability in heating of the different regions of target tissues 
achieved with these techniques leads to some question as to 
the interpretation of the results. Nevertheless, they sug- 
gest a rise in tissue Po, with an increase in temperature of 
the target tissue. They also demonstrate that temperature, 
tissue Po,, and local perfusion are correlated up to approx- 
imately 42°C (in mouse tumor tissue), beyond which point 
increased vascular resistance (presumably due to many 
factors, including reduced red blood cell deformability and 
microthrombi) diminishes perfusion and, consequently, tis- 
sue Po,.' 

The Fick principle states that 


F = C/(Cao, — Cvo,) 


where F is blood flow, C is oxygen consumption, Cao, is 
arterial oxygen content, and Cvo, is venous oxygen centent. 
This equation is soluble for subcutaneous tissue using three 
assumptions. First, though oxygen consumption of subcu- 
taneous tissue falls slightly at low Po,, it is predictable and 
can be assumed constant at each temperature.” Second, 
Psqo. approximates venous Po, (Pvo,) for dermis, and 
therefore (Cao, — Cvo,) can be calculated. Extensive but un- 
published data (F. Gottrup, MD, PhD; R. Firmin, MD, 
FRCS; C. N. Chang, MD; J.M.R.; and T.K.H., 1983) de- 
rived in dogs indicates that Psqo, is approximately 
10 mm Hg below Pvo,. One would expect this in sub- 
cutaneous tissue, which is estimated to extract only 1 mL of 
oxygen from each 100 mL of perfusing blood. Therefore, 
10 mm Hg can be added to Psqo, to estimate Pvo, more 
accurately, but it is not necessary for present purposes. 


Table 2.—Changes in Tissue Oxygen Tension (Psqo,) With Cooling 


Temperature, °C 





Mean+SD 36.7+2.0 28.5+29 -8.1+4.9 58.0+33.0 16.0+3.5 
*See Table 1 for explanation. 


Arch Surg—Vol 122, Feb 1987 


3.3+2.1 


Psqo, mm Hg 


Psqo, Change/ 
Temperature Change, mm Hg/°C 


Change 


19.3+4.5 -38.7+31.1 
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For simplicity, we assume an average arterial Po, of 
150 mm Hg in patients breathing 5 L of supplemental 
oxygen by nasal prongs. We have measured this level of 
arterial Po, in many such patients, including several of 
those described herein. 

The mean hematocrit for the group was 38.1% +4.71% 
(0.38 + 0.05) (range, 29% to 45% [0.29 to 0.45]). The arterial 
and venous oxygen content were estimated using the blood- 
oxygen dissociation curves derived by Dill and Forbes." 

Relative flow change is calculated by comparing flow 
between heated and unheated tissue, using Psqo, values of 
48 mm Hg (unheated) and 87 mm Hg (heated). 

F baseline= C/(Cao, — Cvo, baseline) 
= C/(17 vol% — 14 vol%) =C/3 vol%. 
F heated=C/(Cao,— Cvo, heated) 
= C/(17 vol% — 16 vol%) =C/1 vol%. 


Therefore, F heated =3 x F baseline. 

Oxygen consumption, of course, will not remain constant 
between the two extremes of temperature. Oxygen con- 
sumption approximately doubles for each increase of 10°C 
within physiologic range.” The average rise in sub- 
cutaneous temperature for these patients was 4.0°C, which 
therefore represents an approximate 40% increase in C of 
the heated tissue. On the basis of this correction, the 
calculated increase in perfusion is 40% too small. 

Tissue pH is also affected by temperature through 
changes in buffering capacity.” The carbon dioxide hyper- 
production resulting from increased tissue metabolism with 
heating may contribute to acidosis if the increase in perfu- 
sion is not sufficient to remove the additional carbon diox- 
ide. Acidosis decreases oxygen-hemoglobin affinity, mov- 
ing the blood-oxygen dissociation curve to the right, 
increasing the tissue Po,, and falsely increasing the esti- 
mate of perfusion. Tissue pH cannot be measured by our 
technique, but the local change due to a 4.0°C change in 
these well-perfused, spontaneously breathing patients is 
likely to be approximately 0.2 pH units." If this maximal 
difference were inserted into the calculation, the estimate 
of perfusion would fall about 20%. 

Increasing temperature also decreases the affinity of 
hemoglobin for oxygen." Calculations to accommodate the 
observed 4.0°C rise in mean subcutaneous temperature also 
predict at most a 20% overestimation of the increase in 
perfusion. 

Summing up these three effects, the change in tissue 
metabolism roughly cancels the combined effects of the 
changes in pH and temperature. 

The calculated change in perfusion, and thus the assump- 
tions used in calculation, are substantiated by the data of 
Song et al“ and Lokshina et al,” who used radioactive 
microspheres to measure the perfusion in the skin of heated 
rat limbs. They found an increase of fourfold to sixfold at 





43°C during hot-water immersion for one and two hours, 
respectively. Regardless of calculations of flow, however, 
the data unequivocally demonstrated that heat increases 
wceund-tissue Po, and raises the absolute amount of oxygen 
available to local cells. 

These data do not demonstrate the effect of heat on 
infected, erythematous tissue. There are ethical obstacles 
to mserting a Silastic tube into infected tissue in humans. It 
might seem that infected tissue is already vasodilated. The 
same might be said of the inflammation of injured tissue. 
However, erythematous, “suffused,” or “engorged” tissue is 
not necessarily maximally perfused or oxygenated. In- 
fected skin is usually rather cyanotic and often becomes 
visibly pinker after application of heat. Furthermore, the 
critical point of a spreading infection is peripheral to its 
erythematous border, where flow is not maximal. Heat- 
induced vasodilation peripheral to a spreading infection 
may well limit its progress. 

These data suggest that heat may have considerable 
prophylactic effect. Oxygen plays a vital role in the clearing 
of bacteria from wounds.""” Efficient bacteria killing by 
phagocytes requires a Po, of 20 to 30 mm Hg or greater.” 
Oxygen breathing reduces the number and extent of infec- 
tions in animals after a standard inoculation." The wound- 
tissue Po, in the patients studied during application of cold 
was in the severely hypoxic range, in which the oxygen- 
med_ated, peroxidase killing mechanism of the granulocyte 
is significantly impaired.” 

The rate of wound closure and collagen deposition in 
animals is directly related to the inspired oxygen ten- 
sion.“ Similar data have been found for humans 
(K. Jonsson, MD; J. A. Jensen, MD; W. H. Goodson III, MD; 
and T.K.H., unpublished data, 1984). Niinikoski et al” 
demonstrated an enhanced rate of gain of wound tensile 
strength in rats treated with infrared radiation, while 
noting an accompanying 3°C increase in local temperature 
of the wounds. We also recognize, however, that when heat 
is applied distal to a fixed perfusion defect, such as in an 
ischemic extremity, local Po, could be depressed. 

Micrewave or radiofrequency radiation-induced heat can 
be expected to redirect blood flow to increase oxygenation 
in deeper tissues. Increased perfusion with local hyperther- 
mia may also be used to increase delivery of drugs. A 100- 
fold enhancement of antibiotic delivery has been achieved 
with physiologic local hyperthermia using liposome-bound 
antibiotics whose release is temperature dependent.” It 
appears, therefore, that the simple expedient of warmth 
may have value in prevention of infection. 
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Discussion 


JoNApHAN L. Meaxins, MD, Montreal: This is another nice 
example of studies coming from San Francisco by Hunt and his 
colleagues, in which the term oxygen as an antibiotic has been 
popularized and in which this form of therapy has been studied for 
some time. In faet, oxygen as an antibiotic was the title of a paper 
_ presented before the Surgical Infection Society a year or two ago. 

I believe, however, that this is a preliminary study in the sense 
that there are only eight cases of a reasonably diverse nature. One 
case was an upper gastrointestinal tract bleed, two were chronic 
ulcers, and five were postoperative. 

Any of you who manage small infections or who remember 
having had boils as a child remember the use of hot packs or 
compresses regularly. It never crossed my mind to study why they 
might be useful, however. 

The straight-line relationship shown between the inerease in 
temperature and the subcutaneous Po, does not actually go 
through the zero point on the graph, so we do not see the decrease 
in temperature on the same graph, as one would expect; I wonder 
how that graph has been drawn. The statistical correlation would 
be better. Although the r value is not presented, there is a good 
P value, and I wonder if the authors could give us that. 

All of these patients were receiving nasal oxygen therapy, and I 
recognize that this is one of the peculiarities of your department of 
surgery. Not all of us actually use that approach to therapy, and I 
wonder if all of these patients have had an arterial Po, measured as 
well. In a world where con presses are used at home, and we are 
breathing a fraction of inspired oxygen of 20 mm Hg or so, what 
difference does this make in terms of subcutaneous Po,? 

Have you looked at any situations in which the skin is inflamed 
for other reasons, such as over a fracture site, in the area of 
noninfective inflammation, or even in infected situations? 

I think that this study represents an important idea, that is, 
when you make clinical observations at the bedside and when long 
experience has demonstrated the efficacy of a therapeutic act, you 
ean take these results to the laboratory to define the biology and 
physiology of the process so that the information can then be used 
in the clinic more effectively. 

In that light, would the authors comment on the direction that 
they expect to take these studies and how we should look forward 
to using the results? 

Dx Rasks: In response to Dr Meakins’ suggestion that the 
study is preliminary because the patient numbers are small, I have 
to concede. However, after observing a similar effect in all 13 trials, 
I think we can conclude that the effect is real. Dr Meakins notes 
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that the straight line representing the relationship between the 
change in Psqo, and the change in subcutaneous temperature (Fig 
2) does not seem to pass through the origin as it should. First, the 
origin is clearly within the limits of error of the computer-plotted 
line. Second, we have not proved that the relacionship is. in fact, 
linear. The r value for the line was 0.70. 

The average arterial Po, in the three instances in which it was 
measured was about 120 mm Hg. For obvious reasons, we did not 
measure arterial Po, in patients in whom it was not clinically 
indicated. The average arterial Po, in a large series of patients 
given oxygen identically is 150 mm Hg. The ratio of blood flow 
heated to blood flow unheated assumes only that arterial Po, is 
relatively uniform. Dr Meakins’ point is correct, however. More 
precise estimates of actual flow will depend on simultaneous 
measurement of arterial Po, and Psqo,. We study the patients 
while they breathe 5 L of supplemental oxygen by nasal cannula to 
amplify the change in Psqo,. If you recall the elegance of the blood- 
oxygen dissociation curve, you notice that at the lower Po, end of 
the curve there is relatively little difference in the Po, measured 
(detected), even with rather large differences in the perfusion. At 
the higher Po, end of the blood-oxygen dissociation curve (ie, while 
the patient is breathing supplemental oxygen), a relatively smaller 
change in perfusion will be revealed by a change in measured Po,. 

With his final question as to what direction this study leads us, 
Dr Meakins recognizes that this study opens the door to a broader 
use of local heat and oximetry. Most of the preceding studies done 
with hyperthermia come from the radiation oncology literature on 
treating deeper tumor tissues. In fact, there is very little informa- 
tion on the change in tissue Po, in skin. If we can apply some of the 
modalities used to increase perfusion to the deeper tissues (ie, 
microwave, ultrasound, or radiofrequency radiation), we might be 
able to increase the Po, at sites of deeper infections and perhaps 
improve their treatment. We have used the tonometer system in 
uninfected tissue in several patients who had infections elsewhere. 
Because of ethical considerations against placing the tonometer 
system into infected tissue, we cannot test the effects of heat 
directly in infected tissue to see what the change in perfusion is. In 
patients with major infections, however, piacing the tonemeter in 
some other nonjeopardized tissue, specifically the upper part of 
the arm, allows us to infer what can be achieved elsewhere. We 
believe that subcutaneous Po, mirrors the situation in other 
infected tissue and that we can then use our oximetry system to 
guide us as we attempt to manipulate the local environment for the 
benefit of the patient. 
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Recently, many claims about vascular 
ultrasound have been treading the 
gray area between fact and fiction. 

To the prospective buyer, that 
means a lot of confusion. And the 
potential for a costly mistake. Not only 
in the wrong purchase. But the conse- 
quences of the wrong purchase. A 
false negative. 

As always, Biosound brings you a 
clearer picture of ultrasound by pre- 
senting some very simple facts. 


DON’T TAKE THE UNNECESSARY 
RISK OF A FALSE NEGATIVE. 





Unsurpassed image quality. 


The industry recognizes Biosound as the 
‘gold standard” in vascular ultrasound im- 
aging. Because of our continuous imaging 
gray scale, you see subtle, elusive pathol- 
ogy other ultrasound scanners miss. 
Numerous publications validate our 
image accuracy as compared to actual sur- 
gical specimens. In fact, Biosound ultra- 
sound has proven better than arteriography 
or detection of intraplaque hemorrhage 
and ulceration. 


An array of technological 
advancements. 


Biosound’s dedication to ultrasound from 
its inception has led us to many equipment 
advancements. Often we’ve pioneered 
technologies and implemented them years 
ehead of the competition. Example: 
Biosound was the first company to offer 
annular array technology. And we have 
been offering it for eight years. Today we 
are the only ultrasound company providing 
Doppler in an imaging annular array 
probe. 

We set the precedents that give you 
unprecedented ultrasound diagnostic 
capability. 





First in venous imaging. 


The Biosound 2000IIsa duplex scanner is 
the first and only clinically proven instru- 
ment to diagnose venous disease. To date, 
there have been over 9,000 studies per- 
formed by our clinical partners, with 
remarkable accuracy. 

“ontributing to the accuracy are over- 
all image quality and Biosound’s unique 
ability to image and Doppler the superficial 
veins. 

Biosound’s venous capabilities bring 
a whole new diagnostic dimension to your 
practice. 


We established the brain trust 
of ultrasound. 


Because we originated vascular imaging, 
we hac to educate the market from the be- 
ginning. More than 2000 clinicians have 
been trained in our basic programs. And 
our commitment to continuing education 
includes advanced seminars for users 
every year. 

There's simply no ultrasound man- 
ufacturer that provides you with such a 
complete body of knowledge in the appli- 
cation and operation of its equipment. 


Biosound, Incorporated 
6405 Castleway Court 

P.O. Box 50867 
Indianapolis, IN 46250 
Research & Development 
Denver, CO 


Biosound chosen by NIH for the 
‘Atherosclerosis Risks in 
Community Study”. 
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best systems. 
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selling dedicated peripheral vascular sys- 
tem. With the recent introduction of the 
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and visceral vessels. 
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Effect of Insulin on Amino Acid Uptake and 
Protein Turnover in Skeletal Muscle 


From Septic Rats 


Evidence for Insulin Resistance of Protein Breakdown 


Per-Olof Hasselgren, MD, PhD; Brad W. Warner, MD; J. Howard James; Eiroo Takehara, MD; Josef E. Fischer, MD 


© We investigated the effect of different concentrations of 
insulin (0, 10, 1x10, 1x 10°, 1x10, and 1x10° mU/L [0, 70, 
7x10’, 710°, 7x10‘, and 7x10° pmol/L]) on amino acid 
(a-aminoisobutyric acid) uptake and protein synthesis and 
breakdown in incubated extensor digitorum longus (EDL) and 
soleus muscles ofrats. We studied three groups: (1) untreated, 
fed rats; (2) sham-operated rats; and (3) septic rats. Sepsis was 
induced by cecal ligation and puncture. The a-aminoisobutyric 
acid uptake was increased by insulin in all three groups. 
Protein synthesis was maximally stimulated by 30% to 40% by 
1x10? mU/L (7x10? pmol/L) of insulin in all three groups. 
Protein degradation in soleus muscle was not affected by insu- 
lin. In EDL muscles from untreated and sham-operated rats, 
protein breakdown was reduced by 15% to 20% by 1x 10? mU/L 
(7x10? pmol/L) of insulin. In contrast, protein breakdown 
was not inhibited by insulin in septic EDL muscle until the 
concentration of the hormone was increased to 1x 10* mU/L 
(7x 10* pmol/L), at which concentration the hormonal effect 
was less than half that in nonseptic muscle. The results 
Suggest a postreceptor insulin resistance of protein break- 
down in septic muscie, while the response to the hormone of 
amino acid transport and protein synthesis was not altered in 
sepsis. 

(Arch Surg 1987;122:228-233) 


A hesap and sepsis are characterized by negative nitro- 
gen balance, muscle wasting, and accelerated muscle 
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proten breakdown."* Another metabolic consequence of 
sepsis, recently demonstrated in studies from this labora- 
tor}, is inhibited amino acid uptake by skeletal muscle. 

Irsulin is an important factor in the regulation of protein 
and cerbohydrate metabolism and amino acid transport in 
skelstal muscle. The hormone stimulates synthesis and 
reduces degradation of protein™® and enhances glucose 
incorporation into glycogen.“ Cellular transport of amino 
acids and glucose is also stimulated by insulin.» 

The ability of insulin to promote the uptake and metabo- 
lism of glucose in skeletal muscle is impaired in trauma and 
sepsis and it has been suggested that this insulin resistance 
resu ts from a postreceptor defect.” It is not known if the 
response of protein turnover and amino acid transport to 
the hormone is altered during sepsis as well. 

In the present study, therefore, amino acid uptake and 
protein turnover rates were measured in incubated muscles 
from nonseptic and septic rats in the presence of various 
concentrations of insulin. The results indicate that the 
respcnse of amino acid uptake and protein synthesis to 
insulin is similar in normal and septic muscle, while evi- 
dence was found for insulin resistance of protein degrada- 
tion Curing sepsis. 

MATERIALS AND METHODS 
Chemicals 

(*H]-c-aminoisobutyrie acid, [“C]-inulin, and [U-*C]-phenyl- 
alanine were obtained from New England Nuclear, Boston. Bovine 
insulir was obtained from Sigma, St Louis. 


Experimental Animals 


Male Sprague-Dawley rats that weighed 60 to 70 g were used. 
Animals of this size possess thin extensor digitorum longus (EDL) 
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_ and soleus (SOL) muscles, facilitating adequate oxygen and sub- 
) strate diffusion into tissue under in vitro conditions.” Muscles 


were taken from three groups of rats: (1) untreated, fed rats; (2) 
rats that had undergone sham operation (laparotomy and manip- 
ulatiomof the cecum); and (3) rats that had undergone cecal ligation 
and puncture (CLP) 16 hours earlier, as previously described.” 
Laparotomy was performed under light ether anesthesia, and the 
cecum was ligated below the ileocecal valve and punctured twice 
with an 18-gauge needle. Saline solution (6 mL/100 g of body 
weight) was injected subcutaneously on the back for hydration in 
both sham-operated animals and in rats in which CLP was per- 
formed, and the animals were made to fast but were allowed water 
after the operative procedure. 

The SOL muscles were used in all experiments, and when 
protein degradation was studied, EDL muscles were also used (see 
below). The muscles were dissected between 9 am and 10 am under 
light ether anesthesia, leaving the tendons intact. 


Determination of Amino Acid Uptake 


For the study of amino acid uptake we used a-aminaisobutyric 
acid (AIB), a synthetic amino acid that is neither metabolized nor 
incorporated into protein® and that is mainly transported by the 
Na+-dependent amino acid transport system A. Muscles were 
incubated in 25-mL Erlenmeyer flasks that contained 3 mL of a 
medium consisting of Krebs-Henseleit bicarbonate buffer (pH 7.4) 
with glucose (180 mg/dL [10 mmol/L]), [H]-AIB (%5 wCi/mL 
[18.5 KBqimL]), AIB (5.1 mg/dL [0.5 mmol/L}), [*C]-inulin 
(0.05 wCi/mL [1.85 KBq/mL)]), and different concentrations of 
insulin (0, 1x 107, 1x 10*, and 1x 10° mU/L [0, 7x 10°, 7x10*, and 
7x10" pmol/L]). The medium was gassed with 0,-CO, (95%:5%), 
and incubation was performed at 37°C in a shaking water bath for 
two hours. Gelatin (2 g/L) was added to flasks that contained 1 x 10° 
or 1x 10° U'L (7 x 10? or 7 x 10° pmol/L) of insulin to prevent adsorp- 
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Fig 1.—a-Aminoisobutyric acid (AIB) uptake in soleus muscies 
incubated with different concentrations of insulin. Muscles were 
from untreated, fed (open circles); sham-operated (open triangles); 
and septic (closed triangles) animals. Results (mean+SEM) are 
from six or seven muscles at each point. 


Fig 2.—Protein synthesis in paired soleus muscles from untreated, 


sham-operated, and septic animals incubated in the absence or 


presence of insulin (1 x 10? mU/L [7 x 10? pmol/L]). Results are from 
seven paired muscles from each group of animals. Asterisk indi- 
cates P<.02 vs no insulin, using the Wilcoxon sign test for paired 
differences. Phe indicates phenylalanine; gww, grams wet weight. 
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tion of the hormone to the glassware.” After incubation, the mus- 
cles were blotted, weighed, and dissolved in 1 mL of tissue solu- 
bilizer (Research Products International Corp, Mount Prespect, 
Ill) and 0.1 mL of water. The radioactivity of dissolved muscles and 
media samples was measured in a scintillation spectrometer (LKB 
1217, Rackbeta, Stockholm). The intracellular ['H]-AIB con- 
centration was determined from the total tissue [*H]-AIB con- 
centration corrected for the [*H]-AIB concentration in the extra- 
cellular volume, the latter determined as [“C]-inulin spaee. The 
AIB uptake was expressed as the distribution ratio of [7H}-AIB in 
intracellular and extracellular fluid. The total tissue water level 
was determined from the wet and dry weights of muscles that had 
been incubated as described above. 


Measurement of Protein Synthesis and Degradation 


When protein synthesis or degradation rates were measured, 
muscles were preincubated for 30 minutes and then incukated for 
an additional two hours in 3 mL of fresh medium consisting of 
Krebs-Henseleit bicarbonate buffer (pH 7.4) with glucose 
(180 mg/dL [10 mmol/L)]) and different concentrations of insulin (0, 
10, 1x 10°, 1x10*, 1x10‘, and 1x 10° mU/L [0, 70, 7x10, 7x10’, 
7x 10*, and 7 x 10° pmol/L]). The hormone was present both during 
preincubation and incubation. The medium was gassed with O,-CO, 
(95%:5%), and incubation was performed at 37°C in a shaking water 
bath. In experiments in which the three lowest concentrations of 
insulin were used, gelatin (2 g/L) was added to the medium. The 
experiments on protein turnover were performed in paired mus- 
cles, ie, contralateral muscles incubated without insulin served as 
controls. 

For the study of protein synthesis, [U-"C]-phenylalamine was 
added to the medium (0.05 wCi/mL [1.85 KBq/mL]) (8.2 mg/dL 
[0.5 mmol/L]). After incubation, the muscles were homogenized in 
10% trichloroacetic acid. The precipitate was washed twice with 
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Fig 3.—Protein degradation in paired extensor digitorum longus 
muscles from untreated, sham-operated, and septic animals 
incubated in absence or presence of insulin (1x10? mU/L 
[7 x 10° pmol/L]). Results are from seven paired muscles from each 
group of animals. Asterisk indicates P<.05 vs no insulin, using 
Wilcoxon sign test for paired differences. Tyr indicates tyrosine; NS, 
not significant; and gww, grams wet weight. 


10% trichloroacetic acid and once with ether-ethanol (1:1). The 
pellet was dried overnight at room temperature and dissolved in 
0.1 mL of water and I mL of tissue solubilizer, and the radioactivity 
was measured. Since a high concentration of phenylalanine was 
used in the incubaticn medium, the extracellular specific radioac- 
tivity of [U-“C]-phenylalanine was used for the calculation of 
amino acid incorporetion into protein. ®” 

For the study of protein degradation, cycloheximide 
(0.5 mmol/L) was added to the incubation medium, and the 
proteolytic rate was estimated by measuring the release of tyrosine 
into incubation medium, as described previously.* The concentra- 
tion of tyrosine was determined according to Waalkes and 
Udenfriend® or by high-performance liquid chromatography with 
electrochemical detection. We previously found that the tissue 
concentration of tyrosine remained constant during incubation 
both in nonseptic and septic muscles, thus permitting determina- 
tion of protein breakdown from the release of tyrosine into the 
medium.*® 


Statistics 


Results are presented in the form mean+SEM. Analysis of 
variance followed by Duncan’s multiple range test or the Wilcoxon 
sign test for paired differences was used for statistical comparisons 
when appropriate. 


RESULTS 


The AIB uptake was lower in SOL muscles from septic 
rats than in muscles from untreated and fed or sham- 
operated animals (Fig 1), a finding in keeping with previous 
observations.” When insulin was added to the incubation 
medium, the AIB uptake was enhanced similarly in muscles 
from all groups of rats (Fig 1). Analysis of variance revealed 
no significant interaction between the different groups of 
animals but showed that the effect of insulin was significant 
in all groups (P<.05). 

Protein synthesis was not significantly affected by 
10 mU/L (70 pmol/L) of insulin in any group. At 1x 10? mU/L 
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Fig 4.—Protein degradation in paired extensor digitorum longus 
muscles from untreated, sham-operated, and septic animals 
incubated in absence or presence of insulin (1x10* mU/L 
[7 x 10° pmol/L]). Results are from seven paired muscles from each 
group of animals. Asterisk indicates P<.02 vs no insulin, using 
Wilcoxon sign test for paired differences. Tyr indicates tyrosine; 
gww, grams wet weight. 


(7x 10° pmol/L), which is within the physiologic range of 
plasma insulin concentrations for rats, protein synthesis 
was stimulated by 34% to 38% in SOL muscle from all 
groups (Fig 2). At higher concentrations (110° and 
1x10 mU/L [7 x 10° and 7x 10‘ pmol/L)), protein synthesis 
was not further increased, and the stimulation by insulin 
remained similar in muscles from all groups of rats. 

When the effect of insulin at concentrations up to 
1x 10° mU/L (710° pmol/L) on protein degradation was 
tested, no significant effect was found in normal or septic 
SOL muscle (data not reported). Protein breakdown in 
incubated mouse SOL muscle was reported to be unrespon- 
sive to insulin.” Protein breakdown in mouse EDL muscle 
was reduced by approximately 15% by insulin at a concen- 
tration of 1x10° mU/L (7x10* pmol/L).” Therefore, we 
tested the effect of insulin on protein breakdown in incu- 
bated EDL muscles. 

Protein degradation was not significantly affected by 
10 mU/L (70 pmol/L) of insulin in EDL muscles from 
any group. At a hormone concentration of 1x10? mU/L 
(7x10 pmol/L), protein degradation in EDL muscle from 
normal, fed rats was reduced by 12%, and degradation 
was maximally reduced by about 20% at 1x10 mU/L 
(710° pmol/L) (Fig 3). Similar effects of insulin were 
observed in muscles from sham-operated animals (Fig 3). In 
contrast, no significant inhibition of protein breakdown by 
insulin was observed in EDL muscle from septic rats at con- 
centrations up to 1 x 10° mU/L (7 x 10° pmol/L) (Fig 3). When 
the hormone concentration was increased to 1x10‘ mU/L 
(7 10* pmol/L), protein breakdown was also reduced in 
septic muscle, but the hormonal effect was less than half of 
that observed in nonseptic muscles (Fig 4). Results almost 
identical to those shown in Fig 4 were obtained at an insulin 
concentration of 1x 10° mU/L (7x 10° pmol/L). The results 
are consistent with postreceptor insulin resistance of pro- 
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Fig 5.—Relationship between insulin concentration in incubation 
medium and reduction of protein breakdown in extensor digitorum 
longus muscles from untreated, fed (open circles); sham-operated 
(open triangles); and septic (closed triangles) rats. 


tein breakdown in septic muscle.” When the reduction of 
protein cegradation by insulin was calculated for each 
paired muscle preparation and results were plotted against 
the different insulin concentrations, the dose-response 
curves further supported the concept of postreceptor re- 
sistanee to the effect of insulin on protein breakdown in 
septic muscle (Fig 5). 


COMMENT 


The present study shows that amino acid uptake and 
protein synthesis were stimulated by insulin to the same 
extent and by the same concentrations of the hormone in 
incubated nonseptic and septic rat skeletal muscles. In 
contrast, protein breakdown was only inhibited by insulin in 
septie skeletal muscle when the concentration of the hor- 
mone was 1 x 10* mU/L (7 x 10* pmol/L) and above, and even 
at these concentrations the hormonal effect was less than 
half of the effect in normal muscle. 

Kahn” defined insulin resistance as any situation in which 
a given dose of insulin produces a less than normal biologic 
effect. The cause of this dysfunction may occur at the level of 
the receptor or at steps distal to the insulin-receptor 
interaction. Postreceptor defects are more likely to selec- 
tively affect different metabolic pathways under hormonal 
influence than are changes at the receptor level.” Thus, the 
present results of reduced protein breakdown response to 
insulin but no reduction in protein synthesis support the 
concept of pestreceptor resistance in septic muscle. Previ- 
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ous reports demonstrated that insulin resistance of carbo- 
hydrate metabolism in trauma and sepsis also takes place at 
the postreceptor level.” 

Ina recent study, reduced AIB uptake by incubated SOL 
muscle was demonstrated following the injection of endo- 
toxin in rats.” In that study, insulin at a concentration of 
1x 10° mU/L (7x 10* pmol/L) increased the AIB uptake by 
60% in control muscles and only by 36% in muscles from 
endotoxic animals. At higher insulin concentrations (up to 
1x 10° mU/L [7X 10° pmol/L]), the hormonal response was 
similar in muscles from control and endotoxic rats. These 
results are consistent with reduced receptor sensitivity,” 
suggesting that the effects of endotoxemia® and bacterial 
sepsis (present study) on insulin responsiveness of muscle 
amino acid transport may differ. 

The response to insulin of muscle protein turnover during 
sepsis has not been reported previously, but studies have 
appeared in which the effect of insulin was investigated 
following trauma or burn injury. In some studies. the 
response to insulin of both protein synthesis and degrada- 
tion was unaffected by burn injury,”** while others re- 
ported insulin resistance of protein synthesis in diaphragms 
from thermally injured rats.” However, since only one 
insulin concentration was tested in these studies, it was not 
possible to make conclusions regarding the presence or 
nature of insulin resistance. In a recent study by Tischler 
and Fagan,” in which rats were subjected to repeated blunt 
hindlimb trauma, the inhibition of protein degradation by 
insulin was reduced in diaphragm, SOL, and EDL muscles, 
while the stimulation of protein synthesis was unaffected. 

Unresponsiveness of protein breakdown to insulin in SOL 
muscle, as found in this study, has been reported previ- 
ously.” In contrast, other investigators observed reduced 
protein degradation by the hormone in incubated SOL 
muscles.*** The reason for these varying results is not 
known. In fact, the finding that insulin affected protein 
breakdown in EDL but not in SOL muscle was surprising, 
since insulin-binding capacity was reported to be greater in 
SOL than in EDL muscle.” Whatever the reason for the 
unpredictability of the effect of insulin on protein break- 
down in SOL muscle, EDL muscle better served the 
purpose of the present study, ie, to elucidate if the hermone 
affects protein breakdown similarly in normal and septic 
muscle. 

The molecular basis of insulin action is not fully known, 
but it is generally agreed that binding of the hormone to its 
receptor initiates a cascade of intracellular processes that 
results in the biologic effects of insulin.** Insulin probably 
stimulates the uptake of glucose in muscle by increasing the 
number of glucose transporters on the plasma membrane,“ 
possibly by recruiting glucose transporters from an in- 
tracellular pool located in a microsomal fraction.* It has 
been speculated that insulin increases AIB uptake by a 
similar mechanism.” Protein synthesis is probably stimu- 
lated by insulin both at the transcriptional and translational 
levels.”" Regardless of the mechanisms by which amino acid 
transport and protein synthesis are enhanced by insulin, 
the present study suggests that these mechanisms are not 
affeeted by sepsis. 
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The present results demonstrate that inhibition of muscle 
proteolysis by insulin does not require the synthesis of a 
specific protein, since the hormone reduced protein break- 
down in the presence of cycloheximide at a concentration 
that is known to effectively block protein synthesis. Inhibi- 
tion of proteolysis by insulin was observed in rat dia- 
phragms in the absence or presence of glucose, which in 
itself reduced protein breakdown.’ Thus, the capacity of 
insulin to inhibit muscle proteolysis is probably not depend- 
ent on its stimulatory effect on glucose uptake by muscle. 
Other mechanisms of insulin’s action on protein breakdown 
that have been suggested include altered intracellular 
amino acid pools and interference with the formation of 
autophagic vesicles or their fusion with lysosomes.“ 

From a clnical standpoint, mechanisms and mediators of 
insulin resistance are of great importance. Data were 
recently presented that suggested that peripheral insulin 
resistance of glucose disposal may be mediated by sym- 
pathoadrenal activity, probably through §-receptors.“ 
Thus, when dogs were infused with isoproterenol, the 
peripheral insulin-mediated glucose uptake was inhibited. 
On the other hand, the 8-blocking agent propranolol re- 


sulted in increased insulin sensitivity. Whether insulin 
resistance of muscle protein breakdown during sepsis is also 
mediated by B-receptors remains to be elucidated. Inter- 
estingly, however, improved nitrogen retention and reduced 
urinery excretion of 3-methylhistidine were reported re- 
cently in septic rats that received propranolol infusion.* 

Previously reported data suggested that insulin can 
reduee protein catabolism in injured patients® and ani- 
mals.” Since conclusions in these studies were derived 
main-y from measurements of nitrogen balance or urea 
production rate, it could not be determined in which organ 
or tissue insulin exerted its effect or whether results 
reflected inhibited protein degradation, stimulated protein 
synthesis, or both. Interpretation of the results is further 
comp cated by the fact that administration of insulin in vivo 
can result in other metabolic alterations that may give rise 
to secondary changes in protein turnover. Thus, studies on 
isolated organs or tissues such as those described in this 
report are useful in attempts to define the role of insulin in 
the rezulation of protein metabolism and amino acid trans- 
port im trauma and sepsis. 
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Discussion 


DouG.Las W. WiLmorg, MD, Boston: We are all quite aware that 
following infectious disease, patients undergo marked negative 
nitrogen balance. Studies of infection in human volunteers demon- 
strate the progression of nitrogen loss over a prolonged period. The 
cause of negative nitrogen balance is undoubtedly multifactorial: 

_4 immobilization, lack of food intake, altered hormonal envirenment, 
and circulating factors such as lymphokines most probably account 
for this increased proteolysis. 

Acidosis and hypoperfusion may also serve as stimuli for the 
breakdown of skeletal muscle protein, and these effects may have 
played a role in the rats that were used in this study. Could the 
authors give us additional information about the circulatory status 
of the animals? Was the pH measured? Was lactic acidosis present 
in these animals? Could this have been a factor that caused the 
observed effect? 

Negative nitrogen balance can be the result of either a fall in the 
rate of synthesis or an increase in the rate of degradation or 
breakdown. The data in this study suggest that in this muscle 
preparation, in which both synthesis and degradation rates were 
measured, the breakdown rate increases while the synthesis rate 
remains relatively normal and responsive to insulin. However, 
when insulin was added to the EDL muscle, an attenuated effect on 

~ the breakdown rate was observed. 

Can the authors speculate as to what mechanisms are involved in 
diminishing proteolysis? Does insulin alter the intracelluiar amino 
acid pool? Does it change the lysosomal degradation of skeletal 
muscle in this system? 

This study presents the results of a model that measures the 
nitrogen balanee in a specific organ. The authors measured both 
the synthesis and breakdown rates and compared these two 
effects. This excellent model, I am sure, has been used to deter- 
mine the effects of a number of factors in septic animals. 

Could the authors tell us more about these experiments? Is the 
proteolysis associated with infection related to the altered hor- 
monal environment, to lymphokines such as interleukin 1, or to 
other local factors such as prostaglandins? 

& Dr HaSSELGREN: Regarding the circulatory status of our 
-~ animals, all animals were resuscitated with saline solution after the 
induction ofsepsis. However, that does not eliminate the possibility 
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that the animals were hypovolemic when we harvested the muscles 
16 hours after CLP. In previous studies we found that lactate levels 
are somewhat increased and the blood glucose level is somewhat 
reduced in this septic model, suggesting that some degree of 
hypovolemia may be present. 

However, other studies have shown that the energy level in 
skeletal muscle is unaffected in this septic model even 24 hours 
after the induction of sepsis. This suggests that the impairment of 
blood flew is not severe enough to influence the energy level in 
skeletal muscle. So we think, although it is possible that some 
degree of hypovolemia existed, that it might not have been a 
determining factor in our results. We think the septic insult per se 
is the major effect in this model. 

A question was also raised about the mechanism of insulin 
inhibition of protein degradation. The exact mechanism of insulin 
in reducing protein degradation is not known. It has been shown in 
isolated hepatocytes that internalization of insulin is necessary for 
the reduction of protein degradation. Whether internalization is 
also necessary for skeletal muscle is not known, but it can be 
speculated that insulin together with its receptor, if internalized, 
may act on the lysosomal branch of protein degradation. 

Another suggested mechanism of insulin reduction of protein 
degradation, which Dr Wilmore also mentioned, is alteration of 
intracellular amino acid pools, which secondarily might affect 
protein degradation in skeletal muscle. 

A third possible mechanism, which also has been discussed in the 
literature, is an indirect effect via enhanced uptake of glucose. 
Glucose was present in our medium, so that could be one mecha- 
nism. 

Mechanisms that increase protein degradation in sepsis are also 
a very big question. Many different mediators have been sug- 
gested, for example, interleukin 1 and proteolysis-inducing factor 
from Dr Clowes’ laboratory and different catabolic hormones from 
Dr Wilmore’s laboratory. As Dr Wilmore mentioned, the increased 
protein degradation in sepsis is probably multifactorial, and the 
present results indicate that insulin resistance may be an addi- 
tional factor for increased protein degradation in muscle during 
sepsis. 
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Inhibition of Lymphocyte Proliferation 


by Fluid-Phase C3b 


as Influenced by Macrophages 


Cora K. Ogle, PhD; James D. Ogle, PhD; Carol Johnson; Linette Keynton; 1. Wesley Alexander, MD, ScD 


© The effect of fluid-phase C3b on mitogen-induced lympho- 
cyte proliferation in the presence and absence of macrophages 
was studied. In general, C3b inhibited the proliferation of lym- 
phocytes when monocytes (macrophages) were present. The de- 
gree of inhibition by C3b was different for B and T lymphocytes 
and varied for different subpopulations of lymphocyte classes. 
In the absence of monocytes (macrophages), there was insignifi- 
cant inhibition by C3b of lymphocyte proliferation, and thus the 
observed inhibition appeared to be due to the effect of C3b on the 
monocytes/macrophages present in the mixed lymphocyte prep- 
arations. 

(Arch Surg 1987 ;122:234-238) 


key component in host defense is C3. It can be cleaved 

by the C3 convertase of both the classic and alternative 
pathways of complement activation, and it can also be 
cleaved by plasmin, elastase, trypsin, and other proteases. 
This cleavage by the convertase results in the formation of 
C3a and a large fragment, C3b, which is able to bind 
covalently to soluble or particulate material by means of a 
metastable internal thioester located in the a’ chain. How- 
ever, if this binding does not occur, the thioester reacts with 
water and C3b stays in the fluid phase.’ Both the soluble and 
bound C3b can react with the receptor for C3b, CR1. The 
CR1 receptor is present on erythrocytes, granulocytes, 
monocytes, macrophages, B lymphocytes, subpopulation of 
T lymphocytes, null cells, glomerular epithelial cells, and 
mast cells.** 
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We previously showed that fluid-phase C3b inhibited the 
antibacterial function of neutrophils, using Escherichia coli 
075 as the test organism.‘ We also showed that when human 
fluid-phase C8b was injected intradermally or intraperito- 
neally into guinea pigs along with various species of bacte- 
ria, tne clearance rate was altered.’ The injected C3b 
caused a large increase in the time required for the clear- 
ance cf the bacteria. The inhibition by C3b of clearance of 
the injected bacteria was dependent on the bacterial spe- 
cies; bacteria that depend strongly on complement for 
opsonephagocytosis were cleared at a much lower rate in 
the presence of fluid-phase C3b than were bacteria that did 
not have the corresponding dependence on complement.’ 

In this study, the effect of fluid-phase C3b on lymphocyte 
proliferation in the presence and absence of macrophages 
was examined to determine if fluid-phase C3b has an immu- 
noregulatory role on other cells that also have C3b recep- 
tors in addition to neutrophils. 

It is clinically important to understand the functions of 
fluid-phase C3b on the immune system because the concen- 
tration of C3 and its activation or degradation products can 
rise twofold to threefold in serum of patients with burns or 
trauma where infection or tissue injury has caused the con- 
version of large amounts of C3.° 


MATERIALS AND METHODS 


The fellowing materials were obtained commercially: phytohem- 
agglutinin (PHA), pokeweed mitogen (PWM), RPMI 1640+ L-glu- 
tamine medium, heat-inactivated fetal bovine serum, isolymph, 
concanavalin A (Con A), 96-well tissue culture plates, penicillin, 
and streptomycin. 


Isolation of Mononuclear Cells 


Twenty milliliters of heparinized whole blood was diluted 1:2 
with phosphate-buffered saline (PBS) at a pH of 7.3. N ext, 10 mL of 
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isolymph was pipetted under the diluted blood. The tubes were 
centrifuged at 4°C for 30 minutes at 500 g. The two mononuclear 
bands were then collected, washed, and resuspended in RPMI 1640 
medium and used for mixed-culture lymphocyte proliferation 
assays. This preparation consisted of both lymphocytes andmono- 
cytes. In some experiments, the monocytes were removed from the 
lymphocytes by incubating the mononuclear cell suspension in 
tissue culture plates for one hour at 37°C in a humidified 5% carbon 
dioxide atmosphere. The nonadherent cells (lymphocytes) were 


` then removed and used for pure lymphocyte proliferation assays. 


More than 95% of the monocytes were removed from the lympho- 
cytes by this method, as determined by loss of positive esterase 
staining. 


Lymphocyte Proliferation 


After the mononuclear layer was isolated, lymphocytes were 
counted and adjusted to a concentration of 2 x 10° cells per milliliter 
in RPMI 1640+ L-glutamine supplemented with 5% fetal bovine 
serum (heat mactivated) and 1% penicillin-streptomycin. Then, 
50 uL of cell suspension was added to each well of flat-bottom 
microtiter plates. In all experiments, triplicate or quadruplicate 
tests were run. Mitogen-stimulated cells received 50 pL of PHA 
(25 mg/L), 50 pLof Con A (25 mg/L), or 50 pL of PWM (25 mg/L). In 
test wells, 10 to 100 uL of C3b (500 mg/L) was added. The final 
volume per well was 250 uL. The tissue culture plates were 
incubated for 72 hours at 37°C in a humidified 5% carbon dioxide 
atmosphere. The cultures were pulsed with 0.5 wCi (0.019 MBq) 
per well of tritiated thymidine, 1 mCi/mL (87 MBq/mL) 18 hours 
prior to harvesting with a cell harvester. The samples were counted 
by liquid scintillation. 


Preparation of C3b 


Human C3 was prepared as previously described.* The C3b was 
prepared as follows: C3 (220 mg) was digested with 0:52 mg of 
trypsin in the presence of 44 mL of hydrated, activated thiol 
sepharose in PBS (0.02M in edetic acid at a pH of 7.5) (total volume, 
72 mL) at 37°C for 15 minutes. Two milligrams of soybean trypsin 
inhibitor was added and the mixture was incubated with stirring 
for one hour. The matrix was filtered, washed free of soluble 
protein with isotonic PBS (0.02M in edetic acid at a pH of 7.4), 
washed with PBS, in 1M sodium chloride (0.02M in edetic acid at a 
pH of 6.0), then washed and resuspended in isotonic PBS (0.02M in 
edeticacid at apH of 7.4). The C3b was removed from thematrix by 
washing with 0.01M cysteine at a pH of 7.0. After dialysis and 
concentratien to 6 to 7 mL, the C3b solution (140 mg of C3b) was 
chromatographed on a 2.5x100-cm column of Sephacryl S300 
(polyacrylamid dextran). Fractions reacting with anti-C3c were 
pooled. A small amount of C3b dimer (10 mg) was eluted in a peak 
just preceding the major monomeric C3b peak. The C3b solution 
was concentrated to approximately 5 mg of C3b per milliliter. The 
C3b showed just two bands corresponding to the a’ and B chains 
reported for C3b on sodium dodecyl sulfate—polyacrylamide gel 
electrophoresis. 


RESULTS 


Figure | shows the inhibition of lymphocyte proliferation 
in a mixed cell suspension by fluid-phase C3b when PHA, 
which stimulates proliferation of T cells, was used as the 
mitogen. It is evident that the inhibition was dependent on 
the concentration of fluid-phase C3b present in the culture 
medium. However, there was a significant inhibition of 
lymphocyte proliferation at low doses of fluid-phase Cb. 
The lower concentrations of fluid-phase C3b at 20 and 50 
mg/L caused about the same inhibition, whereas increased 
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Fig 1.—Inhibition of lymphocyte proliferation by fluid-phase C3b 
with phytohemagglutinin as mitogen (cpm indicates counts per 
minute). Mononuclear layer from cell separation with isolymph of 
heparinized whole blood was used for proliferation assay. Final 
concentration of phytohemagglutinin was 5 mg/L. 


inhibition was demonstrated at concentrations of 100 and 
200 mg/L. 

The inhibition of lymphocyte proliferation (mixed cell 
preparation) by fluid-phase C3b with Con A as the mitogen 
is shown in Fig 2. Although Con A also stimulates prolifera- 
tion of T cells, it can activate different subsets of T cells than 
those activated by PHA. Fluid-phase C3b also inhibited 
lymphocyte proliferation when Con A was used as the mito- 
gen. However, significant inhibition was demonstrated only 
at concentrations of fluid-phase C3b of 100 and 200 mg/L. 
There was no inhibition of lymphocyte proliferation at the 
low doses of fluid-phase C3b. 

The inhibition of lymphocyte proliferation (mixed cell 
preparation) by fluid-phase C3b with PWM is shown in 
Fig 3. Pokeweed mitogen stimulates the proliferation of B 
cells. It is evident that C3b caused inhibition of PWM- 
induced proliferation only at the highest concentration of 
fluid-phase C3b (200 mg/L). 

Figure 4 shows the inhibition of lymphocyte proliferation 
by fluid-phase C3b by all three mitogens employed, with 
percentage of inhibition plotted against fluid-phase C3b 
concentration. Different classes and subpopulations of lym- 
phocytes responded differently in the presence of fluid- 
phase C8b. The T cells that were stimulated by PEA were 
inhibited at all concentrations of fluid-phase C3b. Lym- 
phocyte proliferation was inhibited 33% and 38% by 20 and 
50 mg/L, respectively, of fluid-phase C3b; this inhibition 
increased to 57% and 71% at 100 and 200 mg/L, respectively, 
of fluid-phase C3b. However, the populations of T cells that 
were stimulated by Con A were not inhibited to as great an 
extent as those that were stimulated by PHA. There was no 
inhibition at a C3b concentration of 20 mg/L and only 8% 
inhibition at 50 mg/L. There was 27% inhibition at 100 mg/L 
and 58% inhibition at 200 mg/L. It appears that B cells 
responded differently from T cells with respect to the ef- 
fects of fluid-phase C3b. There was no inhibition of B-cell 
proliferation at 20, 50, or 100 mg/L of fluid-phase C3b 
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Fig 2.—Inhibition of lymphocyte proliferation by fluid-phase C3b 
with concanavalin A as mitogen (cpm indicates counts per minute). 
Mononuclear layer from cell separation with isolymph of heparin- 
ized whole blood was used for proliferation assay. Final concentra- 
tion of concanavalin A was 10 mg/L. 
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Fig 3.—Inhibition of lymphocyte proliferation by fluid-phase C3b 
with pokeweed mitogen as mitogen (cpm indicates counts per 
minute). Mononuclear layer from cell separation with isolymph was 
used for proliferation assay. Final concentration of pokeweed 
mitogen was 5 mg/L. 


(Fig 4); however, there was 42% inhibition at 200 mg/L. 

The effect of C3b on lymphocyte proliferation in the 
presence and absence of monocytes is shown in Fig 5. There 
was no significant difference in lymphocyte proliferation 
between pure lymphocyte cultures and mixed lymphocyte 
cultures containing monocytes in the absence of fluid-phase 
C3b. Phytohemagglutinin was used as the mitogen in this 
experiment. Inhibition of lymphocyte proliferation by fluid- 
phase C3b (200 mg/L) occurred only in mixed lymphocyte 
suspensions containing monocytes and not in pure lympho- 
cyte suspensions. 


COMMENT 


In the first part of this study, we showed that different 
subpopulations of T cells responded differently to the 
inhibitory effects of fluid-phase C3b and that B cells re- 
sponded differently frem T cells to this inhibitor. Most 
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Fig 4.—Inhibition of lymphocyte proliferation by fluid-phase C3b 
with phytohemagglutinin (white bars), concanavalin A (gray bars), 
and pokeweed mitogen (black bars) (see Figs 1 to 3). 








50 
P<.001 
ò 40 
x 
z 
a 
O 
e:-. 80 
„Q 
© 
g 
o 
oO 20 
g 
> 
O 
O 
£ 
QO. 
E 10- 
a 





200 


C3b, mg/L 


Fig 5.—Imhibition of lymphocyte proliferation in presence (white 
bars) and absence (black bars) of monocytes with phytohemag- 
glutinin a5 mitogen. Concentration of phytohemagglutinin was 
5 mg/L. Monocytes were removed from lymphocytes by incubating 
mononuclzar cells at 37°C forone hour. Nonadherent cells (lympho- 
cytes) were then used in proliferation assay. 


lymphocyte proliferation studies, including the experi- 
ments in Figs 1 through 4 of this article, are performed in 
the presence of monocytes. Many researchers take the 
mononucsear layer from density gradient separations of 
cells and use this band in lymphocyte proliferation experi- 
ments. This band contains both monocytes and lympho- 


cytes. However, since there are many macrophage-lympho- >= 


cyte interactions,’ it is essential to determine if fluid-phase 
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C3b is acting d_rectly on lymphocytes or whether there is an 
indirect effect in which fluid-phase C3b, by some action on 
macrophages, causes the inhibition of lymphocyte prolifera- 
tion. From Fiz 5, it appears that the action of fluid-phase 
C3b on maercphages caused the inhibition of lymphocyte 
proliferation. Since the various classes and subpopulations 
of lymphocytes in the presence of monocytes responded 
differently to the action of C3b, it is possible that several 
different mechanisms of inhibition may be involved. 

Other researchers have also examined the effects of C3 
cleavage preducts on various lymphocyte functions. 
Fleisher and Berger’ showed that the addition of purified 
human C3b to human peripheral-blood mononuclear cell 
cultures inhibited PWM-induced polyclonal immunaglobu- 
lin productioa. There was a dose-dependent response in the 
inhibitien of immunoglobulin secretion. The greatest sup- 
pression oecurred at 10°uM C3b (180 mg/L). This is elose to 
the concentration (200 pg/mL) that gave the greatest 
inhibition of tymphocyte proliferation in our study. Fleisher 
and Berger also showed that C3b inhibited tetanus toxoid- 
induced T-ceil proliferation. In these experiments the pres- 
ence of human serum was necessary for suppression. We 
have not tried human serum in our culture medium. Needle- 
man et al’ reported that C3b and C3d inhibited antigen- 
induced but not mitogen-induced T-cell proliferation at 
concentraticns in the 10°uM range. Another recent report 
described inhibition of antigen-, mitogen-, and alloantigen- 
induced T-cell proliferation by a fragment of C3 generated 
in vitro wita purified kallikrein that overlapped with C3d 
(C3d-K). Hewever, C3b had no effect in these experiments.’ 

n contrast. Tsokos et al” reported that C3b inhibited B-cell 
nction in the presence of fetal calf serum”; however, 
eiler et a™ found suppression with lymphocytes cultured 

in serum-free medium or in medium supplemented with 
autologous serum but did not observe any suppression in 
medium supplemented with fetal calf serum.” 

It is evident that there is continued controversy as to the 
mechanism of the effects of C3b on lymphocytes. Culture 
conditions must be examined, and the number of macro- 
phages in zhe lymphocyte cultures must be evaluated. In 
the culture conditions we employed in our assays, a C3b- 
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induced effect of the macrophages on the lymphocytes 
resulted in the inhibition of the proliferation of the latter 
cells. 

Inasmuch as C3b, C3bi, and C8e can stimulate pros- 
taglandin release by human monocytes, it is possible that 
these fragments could cause inhibition of proliferation, 
since it is known that prostaglandin E, (PGE,) is immu- 
nosuppressive.” However, preliminary results in our labo- 
ratory and results by Fleisher and Berger’ indicated that 
PGE, does not appear to be the mediator of lymphocyte 
inhibition in these experiments.’ However, many other 
macrophage-lymphocyte interactions could result in the 
inhibition of lymphocyte function. The suppression of lym- 
phocyte activity by macrophages could be the result of 
direct cellular interactions or of the production of ether 
soluble factors in addition to PGE,.” In fact, Mauer et al 
showed that incubation of macrophages with C3b for five 
minutes was sufficient to induce Ia antigen reduction. Thus, 
the ability of macrophages to present antigen and cause 
T-lymphocyte activation is diminished by C3b. 

Krakauer” also demonstrated that a human monocytic 
leukemia cell line produces an immunosuppressive factor 
that inhibits interleukin 1-dependent proliferation of mouse 
thymocytes as well as the mitogenic effects of Con A and 
PHA on human peripheral-blood mononuclear cells. The 
mechanism of action of this factor includes interference with 
both the production of interleukin 2 by lymphocytes and its 
effect on target cells.” 

In conclusion, although the mechanisms of action of C3b 
on macrophage and lymphocyte interaction is not com- 
pletely understood, the importance of C3 and its cleavage 
produets as immunoregulators must not be forgotten. The 
concentration of C3b effective in these studies represents 
approximately 1% to 10% conversion of the C3 normally 
found in serum. This level of C3 cleavage products is well 
within the range of those found in human serum by Nydeg- 
ger et al,” and the levels at local activation sites could equal 
or exceed this range in the patient with burns or trauma. 


This investigation was supported in part by Public Health Service grant 
AI 12936 and the Shriners of North America. 
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Discussion 


ANTHONY C. Antonacci, MD, New York: The mechanism by 
which the complement system influences immune responses to 
T-cell dependent antigens has not yet been clarified. In addition, 
the presence of receptors for C3b on neutrophils, macrophages, 
null cells, and B cells implies a diversity of potentially important 
immunologic effects. Therefore, a study aimed at dissecting the 
specific cellular and humoral effects of C3b is justified. 

My critique of the present study will cover basically three 
areas—technical aspects, a theoretical point, and then a general 
comment on some potential future experiments. 

First, I would like to make several comments from a technical 
perspective, some of which may be minor and some significant. 
First, 25 mg/L of all your mitogens was chosen as the concentration 
for all of your mitogens, and I wonder if you have dose-response 
curves to support this. 

Second, your culture period for all of your mitogen assays was 72 
hours, and this is understandable with respect to Con A and PHA. 
However, PWM stimulation frequently has longer incubation peri- 
ods of six to seven days. 

Third, I wonder how you prepared the Petri dishes for your 
adherence studies, and, more important, how can you prove that 
the monocytes that were adhered were the only cells that were 
adhered and that no T null cells and B cells adhered. 

Fourth, control monecyte-depleted lymphocytes had increased 
proliferation to PHA over your peripheral blood lymphocyte 
cultures. I wonder if you could explain this, since I would have 
expected that monocyte-depleted peripheral blood lymphocytes 
would indeed show decreased responses to PHA, as would purified 
T cells. 

Finally, you found inhibition of PWM proliferation at 200 mg/L. 
Fleischer observed the same effect but at 10° to 1078 mol/L, which 
is potentially two orders of magnitude less concentration. 

From a theoretic standpoint, it has been reported by Daha et al, 
from the Netherlands, in the Journal of Immunology in 1984, that 
PWM plus the F(AB’), anti-CR1 antibody, when cultured together 
with mononuclear cells, but not in T cell-depleted mononuclear 
cells, allowed antibody synthesis. When purified C3b was added in 
a dose-dependent manner, it inhibited antibody synthesis. How- 
ever, Daha believes that this anti-CRl-responding population 
consisted mainly of B cells. As a corollary to this, Wahlin et al felt 
that 75% of all C3b-binding lymphocytes in the peripheral blood 
were either B cells or null cells. 

My question, then, is whether or not T cells, specifically T null 
cells, or B cells are the primary C3b responding targets. 


In terms of possible future experiments, in experiments like this 
it is mandatory that either purified populations of cells be used or a 
verification of cell populations present be made. Either flow 
cytometric techniques, sorting, panning, or lytic techniques are 
options. 

The question of antigen presentation and the effect of C3b is 
important. However, this requires that the isolation of a pure 
population of macrophages be achieved without contamination of 
T null cells or B cells and that these cells be specifically exposed to 
antigen, washed, and subsequently treated either with or without 
C3b. These cells then could be added monotonically to virgin 
cultures and the effects observed. 

JORDAN, MD, Toronto: I was interested to see that you were able 
to remove the lymphocytes from the macrophage population. 
Alternately, did you attempt to stimulate your macrophages in 
isolation with C3b to see if you could transfer this inhibitory effect 
to a lymphocyte population that had been separated similarly? 

Second, would you care to speculate on what your inhibitory 
factor might be? 

Dr OGLE: We did not do a mitogen concentration curve. We were 
initially just looking to see if there was an effect with C3b. Now 
that we have found the effect, we want to go back and do more 
detailed studies using concentration curves. 

Our culture time was three days. We want to increase our culture 
time with PWM to six days. If you doa short-term one-day culture, 
which was done due to a mental lapse of one technician—she 
harvested the cells too soon—there is no inhibition at one day. We 
want to go back and do time studies. 

When we adhered out our monocyte population, we did not 
completely adhere out all of the monocytes. There were still 
esterase-positive cells in the nonadhered cells. We want to go back 
and do flow cytometric studies and actually isolate the different 
populations to see which ones we are dealing with. Again, these are 
just preliminary studies. 

Concerning the future, we can look at it both ways. As far as 
looking at macrophage supernatants stimulated with C3b, we want 
to see what effects there are on lymphocytes. It could be possibly 
PGE,, but I don’t think it is. We tried some preliminary experi- 
ments, in which we determined that the concentration of PGE, in 
our macrophage culture supernatants that were stimulated with 
fluid phase C3b was 125 pg/mL. When PGE, at this concentration 
was added to the lymphocyte proliferation assay, there was no 
inhibition of proliferation ef the lymphocytes. 
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ARCHIVES OF OTOLARYNGOLOGY-—HEAD AND NECK SURGERY 
Parathyroid Aspiration Biopsy Under Ultrasonographic Guidance 
Johan Verbanck, MD; Jacques Clarysse, MD; Robert Loncke, MD; Marc Segaert, MD; Filip Van Aelst, MD; 


Paul Theunynck, MD 


Localization of hyperfunctioning parathyroid glands is difficult. We examined 16 patients with biochemically 


proven primary or secondary hyperparathyroidism, using a 5-MHz 90° real-time sector transducer. In those 16 
patients, ultrasonographically guided fine-needle aspiration biopsy of 26 hypoechogenic retrothyroid nodules 
was performed. Hyperplastic parathyroid tissue was obtained from 24 retrothyroid nodules in 14 patients. In 
the other two patients, normal thyroid tissue was obtained. Both specificity and sensitivity of the aspiration 
biopsy technique were 100%. No complications occurred. We concluded that this technique is safe, simple, and 
very helpful in the localization of parathyroid tumors before surgery or before alcoholization (Arch 


Otolaryngol Head Neck Surg 1986;112:1069-1073). 
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Panel Discussion—Surgical Infection Society 1986 


Lymphocyte-Macrophage Interactions in the 


Response to Surgical Infections 


Nicolas V. Christou, MD; John A. Mannick, MD: Michael A. West, MD; Dennis L. Kasper, MD 


INTRODUCTION TO THE PROBLEM 


he moderator for the discussion was Nicholas V. 
Christou, MD, from Montreal, and the panelists were 
John A. Mannick, MD, from Boston; Michael A. West, MD, 
from Minneapolis; and Dennis L. Kasper, MD, from Boston. 
Dr CuErsrou: Research into host defenses against life- 
threatening infections following surgery and trauma has 
been extensive in the last ten years. Abnormalities in all 
components of host defense have been detected in both 
elective and emergency surgical patients. A curious finding 
is that anergy to delayed-type hypersensitivity skin test 
antigens will identify preoperative patients with a higher 
risk for septic related mortality.’ This finding has been 
confirmed by many laboratories throughout the world’” 
with the exception of the group from Britain.” This obser- 
vation is curious because classic theory would have such 
patients develop opportunistic infections with viruses and 
intracellular parasites. This is not the case. Such patients 
develop gram-negative and gram-positive bacterial infec- 
tions. Along with anergy, abnormalities in nonspecific local 
antibacterial defenses have been identified, such as in- 
creased neutrophil adherence, decreased polymerphonu- 
clear neutrophil chemotaxis, and decreased neutrophil de- 
livery to inflammatory sites,” as well as baetericidal 
abnormalities in cases of severe thermal trauma.” Thus, 
nonspecific immune defenses in the form of an intact 
inflammatery response, as well as the function of specific 
immune defenses such as cell-mediated immunity and 
humeral immunity, are altered in surgical patients. 

Since host defenses are integrated in nature and interact 
in a precise sequence to combat infection, and in view of the 
above observations, it became necessary to look far interac- 
tions among these components. With the recent interest in 
the interleukins, such as interleukin 1 (IL-1), a macrophage 
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monokine, the natural question was, Is there evidenee for 
lymphocyte-macrophage interactions in the surgical host, 
and if so, how do these interactions affect the functioning of 
host defenses? The most recent evidence from our labora- 
tory was presented at this Sixth Annual Meeting of the 
Surgical Infection Society in Chicago. Marshall et al* have 
shown that “down” or “up” regulation of hepatic macro- 
phage function in rats alters their systemic delayed-type 
hypersensitivity skin test response. We have also found that 
human mixed lymphocyte culture supernatants coinjected 
with bacteria in the peritoneal cavity of rats will protect 
these animals from lethal bacterial peritonitis. No protec- 
tion is afforded to animals that have not received an 
immunosuppressive injury (30% full-thickness burn in this 
case). Nor do we see protection by the nonstimulated 
lymphocyte culture controls or by the coinjection of 
zymosan-activated rat serum in this same model. The 
working hypothesis is that a lymphocyte product, alympho- 
kine, interacts with peritoneal macrophages. This interac- 
tion affords significant protection from lethal peritonitis in 
the immunosuppressed animals.” The panelists seleeted for 
this symposium are experts in their field and have each 
identified macrophage-lymphocyte interactions in surgical 
sepsis. Their findings are as follows. 
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CELLULAR IMMUNE DYSFUNCTION IN RESPONSE TO INJURY 


DR MANNICK: Abnormalities of cellular immune re- 
sponses have been repeatedly described in patients follow- 
ing serious injury or major burns.“ The precise rela- 
tionship between cellular immune dysfunction and septic 
complications has never been defined. N evertheless, sev- 
eral reports have indicated that anergy in patients after 
thermal injury is correlated with death, particularly death 
from sepsis.*” Several years ago, our laboratory reported 
that anergy in burn patients was also associated with failure 
of circulating lymphocytes from these individuals to re- 
spond normally to T-cell mitogens and with the appearance 
in the serum of circulating factors suppressive of the 
activation of normal human T cells.‘ 

To further investigate these apparent abnormalities of 
T-lymphocyte function, our laboratory studied the circulat- 
ing T-lymphocyte population in burn patients with mono- 
clonal antibodies. We found that major burn injury was 
associated with diminished numbers of circulating T cells, 
largely accounted for by significantly diminished numbers 
of cells bearing the helper-inducer phenotype. This led to a 
reversal of the customary ratio of helper-inducer to 
cytotoxic-suppressor T-lymphocyte subsets. Reversal of 
the normal ratio was also correlated significantly with 
sepsis late after burn injury." Similar findings have been 
reported from other laboratories.“ 

We also studied the peripheral blood mononuclear cel] 
population from burn patients for the ability of these cells to 
synthesize the cytokines, IL-1 and interleukin 2 (IL-2), in 
response to appropriate stimuli in vitro. We found that 
adherent cells from the peripheral blood mononuclear cell 
(PBMC) population of these patients synthesized IL-1 in 
normal or supranormal amounts, whereas the synthesis of 
IL-2 was profoundly suppressed in patients with major 
burns, beginning shortly after burn injury and persisting 
for as long as 60 days. Suppression of IL-2 production was 
correlated with burn size and with sepsis in these patients.” 
Similar abnormalities ef IL-2 production are also found in 
patients after serious traumatic injury.” 

Failure of IL-2 synthesis by the peripheral blood lympho- 
cytes from patients with major burns was associated with 
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profound suppression in the number of circulating T-helper 
lymphocytes early after burn injury but persisted long 
after recovery of the circulating T-helper cell population in 
many such patients." 

Increased circulating suppressor cell activity has been 
described in burn and trauma patients and in a number of 
anima] models.** Cells of both the lymphocyte and macro- 
phage lineages have been implicated in various reports of 
studies in animal systems. The human studies have so far 
been flawed by the use of allogeneic systems to assay 
Suppressor cell activity. Such systems are notoriously 
prone to yield factitious results. If increased circulating 
suppressor cells are present in patients after serious injury, 
the circulating suppressor cells clearly are not active in 
suppression of immunoglobulin synthesis by circulating B 
lymphocytes in the same individuals. In fact, the opposite 
effect is found, in that major burn injury, for example, is 
accompanied by a marked increase in nonspecific polyclonal 
immunoglobulin synthesis by circulating PBMCs, a situa- 
tion analogous to that reported for individuals with ac- 
quired immunodeficiency syndrome (AIDS). 

Antibody formation was once believed to be normal in 
trauma and burn patients,” but recent reports, including 
work frem our laboratory, suggest that antibody formation 
to bacterial antigens may be impaired following serious 
injury. ™™= We have shown that impaired responsiveness to 
tetanus toxoid in burn patients is associated with markedly 
diminished IL-2 production by PBMCs of the same pa- 
tients.* This suggests, but does not prove, a causal rela- 
tionship between deficient T-helper cell activity and de- 
pression of the antibody response to bacterial products. 

Suppression of lymphocyte activation by serum or serum 
fractions from seriously injured patients has also been 
repeatedly reported.” Our laboratory was perhaps the 
first to suggest that serum factors played a role in the 
immune deficiency noted in trauma and burn patients.” We 
have found that the serum suppressive activity is chiefly 
located in a low molecular polypeptide-containing fraction. 
This fraction, which is nontoxic, is inhibitory of T-lympho- 
cyte activation by mitogens and of T-cell-dependent anti- 
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body formation in vitro. Suppressive serum fractionsfrom 
trauma and burn patients are also inhibitory of IL-2 synthe- 
sis by normal human peripheral blood lymphocytes, sug- 
gesting at least one possible mechanism for the marked 
impairment of IL-2 production by circulating lymphocytes 
from such patients. The source of the serum suppressive 
peptide fraction remains unknown. 

Circulating suppressor substances have been deseribed 
by other investigators in a variety of disease states. How- 
ever, the low-molecular-weight suppressive peptide found 
in burn patients’ serum by Ozkan and Ninnemann® clearly 
resembles the material purified from a similar source in our 
own laboratory. Ozkan and Ninnemann have attributed the 
suppressive activity of this peptide to its ability to bind 
prostaglandin, particularly prostaglandin E, (PGE,). Kato 
and Askenase” have also described an antigen-specific 
suppressor factor in the mouse, which requires bound PGE, 
for its activity. The low-molecular-weight suppressor factor 
recovered by Webb and associates from prostaglandin- 
treated T lymphocytes also clearly resembles the suppres- 
sive material recovered from trauma patient serum in our 
laboratory. 

Prostaglandins of the E series (PGEs) have long been 
known to suppress lymphocyte activation. It was at first 
believed that this was the result of elevation of intracellular 
adenosine 3’ ,5’-cyclic monophosphate (cyclic AMP) levels, 
but more recent studies, including those of Webb et al” and 
Fischer et al, indicate that PGEs may also act through 
stimulation of a subset of T-suppressor lymphocytes, which 
in turn may release suppressor factors. Kunkel et al” have 
more recently shown that PGEs act as endogenous medi- 
ators of IL-1 production. The latter findings reinforce the 
concept that PGEs may be important in in vive immu- 
noregulation, since the relevance of in vitro observed PGE 
effects for the in vivo situation has been questioned on the 
grounds that PGEs do not accumulate in vivo because of 
diffusion and catabolism. In any event, work in our labora- 
tory and in others” has indicated that PGEs, presumably of 
macrophage origin, may play a role in the inhibition of 
lymphocyte activation seen in trauma and burn patients, 
since PBMCs from these individuals respond better to 
T-cell mitogens in the presence of indomethacin and show a 
greater sensitivity to inhibition of PGE, than PBMCs from 
normal controls. 

This brief summary of recent findings concerning cellular 
immune dysfunction following injury indicates that a start 
has been made in delineating some of the mechanisms 


underlying this dysfunction; however, much remains unex- 


plored and unexplained. 
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Dr WEstT: To understand the macrophage’s role in the 


response to surgical infection, it is necessary to understand 
exactly what macrophages normally do. Macrophages have 
three primary functions, as follows™: 


1. Immune function 
Antigen presentation 
2. Phagecytic-microbicidal function 
Phagocytosis 
Destruction of viral infected cells 
Oxidative killing mechanisms 
Chemotactic factors 
Lysozyme release 
Destruction of intracellular parasites 
3. Secretory function 
Proteases 
Procoagulant activity 
IL-1 
Colony stimulating factor 
Angiogenesis factor 
Plasminogen activating factor 
Prostaglandins/leukotrienes 
Interferon 
Tumor necrosis factor (TNF)/cachectin 
“Hepatocyte modulating factor(s)” 


In this discussion, the role of the macrophage as an 
effector cell will be addressed; the mechanisms of macro- 
phage presentation of antigen will not be presented. 

The importance of macrophages in the response to infec- 
tion can be illustrated with two examples. Numerous stud- 
ies have attested to the macrophage’ role in local host 
defense. Dunn et al‘ presented data at this meeting showing 
that 35% to 40% of bacteria inoculated into the peritoneal 
cavity are associated with macrophages within 20 minutes. 
This illustrates that resident peritoneal macrophages play a 
critical role in early bacterial clearance and may protect the 
host against peritonitis. In contrast, the macrophage may 
have a very different role in systemic sepsis. Baker and 
Kupper’ examined mortality in two strains of mice using a 
cecal ligation puncture model. The two strains of mice differ 
only in one gene, which controls some aspects of macro- 
_ phage function.* In the control endotoxin-responsive mice 
(C3H/HeN), a reproducible 100% mortality was seen four 
days after cecal puncture with a 19-gauge needle. In this 
same endotoxin-responsive strain of mice, a 25-gauge nee- 
dle gave a correspondingly lesser mortality at four days— 
50%. However, markedly different results were obtained 
when endotoxin-unresponsive mice (C3H/HeJ) were uti- 
lized. In this case, a 19-gauge needle resulted in only a 25% 
mortality at four days, whereas there was no mortality 
whatsoever with a 25-gauge needle. Thus, a much higher 
mortality was seen in mice whose macrophages function 
normally. This illustrates the essential paradox of macro- 
phage function in sepsis; macrophages are required for host 
protection against infection, but infection may in some way 
trigger macrophage-mediated destruction of the host. 

Macrophages are distributed throughout the body’? 
(Table) and have evolved specialized adaptations at many 
sites. Furthermore, macrophages have acquired specific 
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MACROPHAGE EFFECTOR FUNCTION IN SEPSIS 


names at some sites, for example, Kupffer’s cells within the 
liver, alveolar macrophages in the lungs, and mesangial 
cells -n the kidney. Glial cells in the brain are also thought to 
be derived from macrophages.’ Macrophages are found in 
the bone marrow, spleen, peritoneal cavity, and skin. 
Desp:te these diverse sites, macrophages are all derived 
from a common bone marrow precursor.**" Most early 
investigators emphasized the local host defense role of 
maercphages in attempting to explain their specialized 
differentiation. While it is clear that macrophages are 
adapted for local host defense, certain differences in macro- 
phage function are apparent at different sites and under 
differing conditions. It is possible that some of the differ- 
ences -n macrophage function can be understood in terms of 
differences in the degree of macrophage activation. 

Macrophage activation state refers to how “stimulated” 
the mecrophage is. This concept has been delineated most 
clearly through in vitro studies.**” A spectrum of stimula- 
tion can be seen from the unstimulated state (baseline) to 
highly activated states of macrophage function. Macro- 
phages that have not been specifically stimulated and are in 
a base ine level of activation are called “resident” macro- 
phages. Several inflammatory stimuli are capable of stimu- 
lating macrophages to an elevated plateau of function. 
Macrophages that have been treated with complement, 
interferon, or thioglycolate—stimuli that are insufficient to 
comp.ezely activate them—are referred to as “inflam- 
matory” or “elicited” macrophages. Treatment with more 
potent stimuli, such as lipopolysaccharide (LPS) with or 
without lymphokine, phorbol myristate acetate, or calcium 
ionophcre A23187, stimulates macrophages to very high 
levels. Macrophages so stimulated are referred to as fully 
“activated” macrophages. As shown schematically in Fig 1, 
top, increasing stimulation results in enhanced phagocyto- 
sis,” anc higher levels of stimulation increase production of 
the toxi oxygen radicals” required for microbial killing. 
As activation state increases,’ the expression of cell surface 
complement receptors inereases, but at the highest levels of 
activaticn, expression of eomplement receptors decreases.” 
Killing intracellular parasites requires very high levels of 
macroprage activation, and very little killing occurs until 
macrophages are completely activated." 

Figure 1, bottom, shows that the same designations can 
be utilized to understand variations in macrophage secre- 
tory funetion.*** As macrophages are stimulated, there is 
increased expression of surface receptors. For example, 
transferrin receptor is increased at low levels of macro- 
phage st-mulation and then disappears at higher levels." A 
similar pattern of response is followed for the expression of 
surface Ia antigen.” It is possible that decreased expression 
of Ia with high levels of macrophage activation could play a 
role in the decreased immune responsiveness seen during 
infection because Ia expression is associated with the 
ability of the macrophage to present antigen to lympho- 
cytes. | 

As macrophage activation increases, various monokines _ 
such as IL-1," TNF," macrophage-derived growth factor,” 
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Host Macrophage Designations by Site 


Site Designation 


Blood Monocytes 

Liver Kupffer's cells 

Spleen Macrophages 

Lung Alveolar macrophages 
Kidney Mesangial cells 

Bone marrow Macrophages, promonocytes 
Macrophages 

Macrophages 


Peritoneal 
Pleural cavity 
Brain Glial cells 
Gut Macrophages 
Skin Macrophages 


and interferon gamma’” are also released. At similar activa- 
tion states, prostaglandins and leukotrienes derived from 
arachidonic acid are also released from macrophages in 
large amounts.” Release of lysosomal enzyme also requires 
enhanced macrophage stimulation.” Finally, very high lev- 
els of activation are required for macrophages to manifest 
tumor cytolytic capacity.“” The concept of macrophage 
activation may be particularly relevant to surgical infection 
because the same stimuli that completely activate macro- 
phages (LPS, bacillus Calmette-Guérin, muramyl dipep- 
tide, and zymosan) are similar to materials that circulate 
during surg cal infections. 

Lymphocytes have a powerful capacity to alter macro- 
phage activation state by the secretion of various lympho- 
kines.” Lymphokine, although frequently discussed as a 
single entity, refers simply to soluble mediators secreted by 
lymphocytes and can be obtained from lymphocyte culture 
supernatan:s.* Indeed, many individual lymphokines with 
different functions have been described.” Figure 2 shows 
the effect of various concentrations of mixed lymphokine on 
macrophage activation state.” It is apparent that in the 
absence of lymphokine very high concentrations of LPS are 
required to completely activate macrophages. In contrast, 
with high concentrations of lymphokines, only minute quan- 
tities of endotoxin are needed to stimulate macrophages to 
highly activated states. Between the extremes, a spectrum 
of effects is seen, and it appears that LPS and lymphokine 
can act synergistically with respect to macrophage activa- 
tion. Figure 3 shows that this lymphokine effect on macro- 
phage activation state also varies over time. In this par- 
ticular instance, the macrophage function being examined 
is tumor cytolysis.” When macrophages were treated with 
LPS, they became highly activated and capable of lysing 
tumor cells eight hours later. However, by 24 hours, this 
enhanced activation state had subsided. Addition of lym- 
phokine te LPS resulted in an enhanced activation state, 
and this oecurred more quickly, but the activation state still 
changed with time. 

It is clear that different levels of macrophage activation 
exist, although all macrophages that have been studied in 
vitro can become activated. Furthermore, the soluble prod- 
ucts of lymphocytes, lymphokines, can substantially alter 
macrophage activation state and can interact synergisti- 
cally with other inflammatory stimuli. Macrophage activa- 
tion state changes over time, and some degree of specificity 
with respect to macrophage activation state can be demon- 
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Fig 1.—Schematic depiction of effect of various stimuli on macro- 
phage activation state. Top, Macrophage phagocytic ane micro- 
bicica! functions. Bottom, Macrophage secretory function. Unstim- 
ulated macrophages are referred to as “resident” macrophages. In 
vitro stimuli that enhance macrophage activation are shown. FBS 
indicates fetal bovine serum; C3, third component of complement; 
IFN, interferon; TG, thioglycolate; MDP, muramyl dipeptide; LK, 
lymphokine; PMA, phorbol myristate acetate; LPS, lipopolysac- 
charide; A23187, calcium ionophore A23187; BCG, bacillus 
Calmette-Guérin; IL-1, interleukin 1; TNF, tumor necrosis factor; and 
MDGF, macrophage-derived growth factor. 


strated. For example, macrophages can become aetivated 
for tumor cytolysis without any increased ability for killing 
intracellular parasites.“ It may be that activation for one ~ 
function precludes activation for another. 

To understand macrophage effector function in sepsis, 
this discussion will focus on examples of how inflammatory 
stimuli affect macrophage secretory function. When macro- 
phages are treated in vitro with LPS, there is a coordinated 
secretory protein response.” Some secretory proteins are 
produced in increased quantities and others appear to be 
simultaneously depressed. Although synthesis of almost 
two dozen proteins are coordinately altered following LPS 
treatment, the function of only a small number of these is 
known at the present time. Release of oxygen radicals by 
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Fig 2.—Schematic depiction of synergism of lipopolysaccharide 
(LPS) and lymphokine for macrophage activation. In absence of 
lymphokine, high concentrations of LPS are required for activation 
of macrophage tumoricidal or microbicidal activity. In presence of 
lymphokine, only minute concentrations of LPS confer similar 
activation states (adapted from Pace and Russell’). 


activated macrophages has been well documented.*” Vari- 
ous proteases and hydrolytic enzymes are likewise re- 
leased.” Maier and Ulevitch” have described a procoagulant 
activity released by hepatic macrophages. Interleukin 1 can 
be produced by virtually all macrophages studied to date.” 
The regulation and metabolic effects of IL-1 will be dis- 
cussed in more detail below. Colony stimulating factor is 
released by activated macrophages and is required by the 
bone marrow for production of formed blood elements.’ 
Tumor necrosis factor’ and cachectin” are two designations 
for another monokine with numerous systemic metabolic 
effects. Knighton et al” described a macrophage-derived 
angiogenesis factor, which may play an important role in 
wound healing. Plasminogen activating factor is released in 
large quantities by activated macrophages and, indeed, is 
one of the biochemical markers of macrophage activation.*° 
Metabolites of arachidonic acid, such as prostaglandins and 
leukotrienes, are likewise released in larger amounts by 
activated macrophages.” Macrophages have also been 
noted to produce interferon gamma.” Our own group has 
described an activity from stimulated macrophages or 
Kupffer’s cells, which alters hepatocyte protein synthe- 
aT Raa 

In contrast to maerophage phagocytic and microbicidal 
functions, secretory products of macrophages are capable of 
producing both local and systemic effects. While most local 
effects are probably beneficial for the host defense against 
microbes, the systemic effects may not be. For example, 
release of proeoagulant activity from macrophages would 
result in increased local thrombosis,* which may help to 
contain infecting bacteria. Furthermore, it may help to 
focus the inflammatory response to the same infection. In 
contrast, systemic release of the same procoagulant activ- 
ity could result in generalized systemic thrombosis and may 
precipitate disseminated intravascular coagulation. 

Tumor necrosis factor is a monokine produced in large 
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Fig 3.—Schematic representation of kinetics of macrophage activa- 
tion for tumoricidal or microbicidal function by lipopolysaccharide 
(LPS) or LPS plus lymphokine. Maximal macrophage activation 
occurred eight hours after triggering, but by 24 hours no significant 
degree of macrophage activation was measurable (adapted from 
Ruco and Meltzer”). 


quantities by activated macrophages” and may play a 
centra! role in mediating the systemic response to infection. 
Recently Beutler et al” treated mice with a polyclonal 
antibody directed against TNF. The median lethal dose of 
endotoxin was 2.5 times greater in mice pretreated with 
antibody against TNF. This suggests that TNF or related 
compounds may mediate some process that contributes to 
the mortality seen follewing endotoxin, although the possi- 
ble mechanisms remain undefined. Tumor necrosis factor 
has been shown to induce many systemic responses, par- 
ticularly with respect to various metabolic processes. For 
example, TNF has been shown to alter the adipocyte 
metabolism at a transcriptional level.* Also, TNF increases 
the adhesiveness of endothelial cells,* which may serve to 
recruit inflammatory cells, such as lymphocytes and poly- 
morphonuclear leukocytes (PMNs), and thereby initiate 
inflammation. Tumor necrosis factor has marked effects on 
biosynthesis of adrenal cortical steroids” and results in 
enhanced proliferation of fibroblasts.® Finally, TNF in- 
duces secretion of some hepatic acute-phase proteins. 
Which, if any, of these processes plays a role in endotoxin 
toxicity is totally unknewn. 

Our own investigations have focused on an examination of 
macrophage/Kupffer’s cell-mediated alterations of liver 
function in sepsis. To eliminate confounding in vivo varia- 
bles, we decided to study altered liver function in a defined 
in vitro cell culture system. Our experiments showed that 
coculturmg hepatocytes with Kupffer’s cells or macro- 
phages in the absence of inflammatory stimuli resulted in a 
dose-dependent increase in hepatocyte protein synthesis.” 
In contrast, when LPS was added to coculture, there was a 
significant depression of hepatocyte protein synthesis. This 
inhibition of hepatocyte protein synthesis was proportional 
to the number of Kupffer’s cells” or macrophages” present 
in the culture. In the absence of macrophagelike cells, 
endotoxin had no direct effect on hepatocyte protein syn- 
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Fig 4.—Schematic summary of lymphocyte-macrophage interactions in production of interleukin 1 (IL-1). See text 
før discussion. T, indicates helper T lymphocyte; MØ, macrophage; aMØ, activated macrophage; LK, lymphokine; 
IL-2, interleukin 2; MAF, macrophage activating factor; LTB,, leukotriene B,; PGE,, prostaglandin E,; AgAb, antigen- 
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uncertain. 


thesis. More recently we have shown that the macrophage- 
mediated irhibition of hepatocyte protein synthesis:appears 
to be via a soluble monokine mediator of 15 000 to 30000 
daltons. Trese results suggested that the mediator in our 
coculture system may be a monokine such as IL-Lor TNF, 
which have previously been shown to effect hepatocyte 
protein synthesis. However, when these mediaters were 
obtained im pure recombinant form and added te hepato- 
cytes cultured alone or hepatocytes cocultured with 
Kupfier’s cells, there was no significant effect on hepatocyte 
protein synthesis. Thus, it appears that the hepatocyte- 
modulating activity that we have described is mediated via 
an as-yet-uncharacterized monokine. 

Although we have been unable to demonstrate any signif- 
icant effeets of IL-1 in our in vitro hepatocyte culture 
system, IL-1 is released in large amounts from activated 
macrophages.*” Furthermore, IL-1 is critically important 
in the narmal immune response.’ Interleukin 1 allows 
T-helper cells to differentiate and secrete IL-2, which is 
required for numerous lymphocyte effector functions. 
T cells treated with IL-1 also secrete increased quantities of 
lymphokine, which may further amplify production of IL-1 
because lymphokine activates macrophages.*” The myriad 
systemic 2ffects of IL-1 have been reviewed by Dinarello.” 
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Interleukin 1 results in production of fever and has been 
shown to stimulate acute-phase protein synthesis both in 
vivo and in vitro and results in concomitant down regulation 
of hepatic albumin synthesis.” Interleukin 1 is a potent 
chemotaxin for neutrophils and also enhances endothelial 
cell adhesiveness. Interleukin 1 or a proteolytic cleavage 
product of IL-1* has been shown to enhance muscle pro- 
teolysis. Finally, IL-1 also has effects on fibroblast 
proliferation and may play a role in wound healing.” 
Activated macrophages secrete large quantities of arach- 
idonie acid metabolites.*” The specific arachidonic acid 
metabolites released by activated macrophages are stim- 
ulus dependent.” For example, soluble stimuli, such as LPS 
or phorbol myristate acetate, stimulate production of pros- 
taglandin metabolites, while production of leukotriene me- 
tabolites is unchanged. In contrast, stimuli such as zymosan 
or calcium ionophore result in stimulation of both pros- 
taglandin and leukotriene metabolite synthesis. Consider 
the effect of arachidonic acid metabolites on IL-1 produc- 
tion. Leukotriene B, (LTB,), a lipoxygenase product, has 
been shown to be a potent inducer of IL-1 production.” 
Leukotriene B, appears to have additive effect with respect 
to IL-1 production with virtually any stimulus tested. In the 
absence of a specific activating stimulus, LTB, in and of 
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itself results in enhanced IL-1 production. In contrast, 
PGE, results in dose-dependent inhibition of IL-1 produc- 
mon.” =. 

Prostaglandin E, has been studied extensively, perhaps 
because it is released in very large quantities by activated 
macrophages. Prostaglandin E, has been shown to have 
inhibitory effects on T-helper cell production of IL-2.° 
Several presentations at this meeting invoked PGE, as 
playing a role inthe decreased immunoresponsiveness seen 
following sepsis. Leukotriene B, can antagonize PGE,- 
mediated inhibition of IL-2 production.” Prostaglandin E, 
also inhibits stimulation of macrophages from resident to 
activated state. [t may do this in part by blocking reception 
of the activating stimulus.” Prostaglandin metabolites have 
many systemic effects, predominantly hemodynamic.“ In 
addition to PGE,’s direct effects, other prostaglandin me- 
tabolites, such as thromboxane A, and prostacyclin, exert 
potent effects on the systemic circulation. 

Activated macrophages also release specific inhibitors of 
IL-1, which appear to be protein in nature.“ Interleukin 1 
inhibitors may also antagonize any IL-1 released. It is 
apparent then that the production of a monokine such as 
IL-1, which has several systemic effects by activated macro- 
phages, is profoundly affected by other products of acti- 
vated macrophages, such as PGE,, LTB,, and IL-1 inhib- 
itors (Fig 4). As yet there are no data pertaining to the 
effects of medications, transient hypotension, concomitant 
heparin sodium administration, antibiotic therapy, or nu- 
merous other variables that may be present in critically ill 
surgical patients. 

What is becoming clear is that as the biochemical mecha- 
nisms are dissected, every factor interacts with every other 
factor. Focusing en our in vitro hepatocyte Kupffer’s cell 
coculture system, designed to remove confounding in vivo 
variables, we have demonstrated that Kupffer’s cells/mac- 
rophages can either increase or decrease hepatocyte pro- 
tein synthesis, depending on the culture conditions and 
stimuli utilized. Although an exhaustive list of individual 
cell-cell interactions can be generated, it is still unclear 
whether any such alterations in hepatocyte protein synthe- 
sis are present in the clinical situation. Even more impor- 
tant is the concept that a response that is beneficial at one 
point may be highly deleterious in subsequent periods. The 
problem can be illustrated with the following analogy: if the 
response to sepsis were a symphony, experimental studies 
are succeeding in dissecting the work into its individual 
notes; however, in the process, we may be losing a feel for 
the sound of the music. 

It is now clear that macrophages have both good and bad 
effects. What we do not know is which are good, when, and 
how much is too much. Macrophages mediate many aspects 
of the systemic response to sepsis, and knowledge of their 
functions is critically important to understanding the host 
response to surgical infections. The effector function of 
macrophages depends on activation state, and lymphocyte 
products can significantly alter macrophage activation 
state. Lymphocyte function itself is in turn altered by the 
products of activated macrophages. Understanding the 
concept of macrophage activation state and the central role 
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of macrophages in the response to infection may serve as a 
cornerstone for future investigations. However, future 
studies must also focus on understanding the macrophage’s 
role in the overall integrated host response to sepsis. 
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THE CRITICAL ROLE OF T CELLS IN INDUCTION OF AND IMMUNITY TO 
EXPERIMENTAL INTRA-ABDOMINAL ABSCESSES 


Dr Kasper: Bacteroides fragilis is the major anaerobic 
constituent found in clinical intra-abdominal abscess spec- 
imens. This organism, which is not the most prevalent 
anaerobe found in normal colonic flora, has unique virulence 
characteristics that account for its pathogenicity. A com- 
plex capsular polysaccharide material has been isolated 
from B fragilis. Other organisms in the Bacteroides group 
do not contain a similar polysaccharide. This capsular 
polysaccharide has been shown to induce intra-abdominal 
abscesses in an experimental rat and mouse mode’ of intra- 
abdominal sepsis. In addition to capsular polysaecharide’s 
ability to cause abscesses to form, animals immunized with 
purified capsular polysaccharide are protected from devel- 
oping abscesses by stimulation of a unique T-cell mediated 
pathway. This discussion will focus on this interesting T-cell 
system and present information for the role of T ceils in both 
protection and induction of abscesses in response to 
B fragilis. 

A number of years ago, the empiric observation was made 
that B fragilis was a common isolate in intra-abdominal 
infections despite its relative scarcity in normal colonic 
flora.! This observation led to an examination of the surface 
constituents of the organism that might contribute to its 
virulence. Electron micrographs of B fragilis stained with 
ruthenium red, which outlines carbohydrates, revealed a 
thick surface capsule surrounding B fragilis net seen on 
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other organisms of the Bacteroides group.” Extraction and 
purification of this capsular polysaccharide defined a com- 
plex material consisting of six or nine monosaccharides 
depending on the prototype strain used, including such 
unusual sugars as L-fucose, L-rhamnosamine, D- and L-qui- 
nivosamine, and galacturonic acid.* The structure of these 
polysaccharides has not yet been determined due to their 
complexity. Once the capsular polysaccharide had been 
purified, antibodies to this material were raised in rabbits. 
Incubation of the organisms with specific anticapsular 
antiserum followed by incubation with ferritin-labeled anti- 
rabbit IgG demonstrated ferritin particles surreunding 
B fragilis bacteria.‘ This finding of specific highlighting of 
B fragilis, not detected on other Bacteroides organisms, 
confirmed the unique presence of capsular polysaccharide 
on this bacterium. 

Conventional teaching in immunology divides bacteria 
into extracellular and intracellular organisms. Extra- 
cellular bacteria are handled by the host via the humoral 
immune system with a combination of antibodies, comple- 
ment, and phagocytic cells. In contrast, intracellular orga- 
nisms that survive within macrophages are killed when 
macrophages are activated by helper T cells. Granuloma 
formation is the pathologic end point of this pathway. 
Bacteroides fragilis has been listed as an extracellular 
organism, and the presence of a capsular polysaccharide 
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seemed to support that this organism would be killed by the 
humoral arm of the immune system. Abscesses, however, 
are a unique pathologic response since viable bacteria and 
PMNs coexist within a fibrous capsule. Much speculation 
has occurred about whether abscesses are a disease caused 
by the bacteria or a host response to wall off and contain the 
organisms. Bacteroides fragilis organisms are killed in 
vitro by a combination of PMNs and complement. Bacter- 
oides fragilis, which has been passaged in the laboratory 
and has been shown to lo e substantial quantities of cap- 
sular polysaccharide, is more sensitive to this killing than 
those organisms freshly isolated from animals that contain 
a large quantity of capsule.‘ Capsular polysaccharide, 
therefore, may be a means by which the organism evades 
the host defense of PMNs. 

To study how B fragilis interacts with the immune 
system, a mouse model of intra-abdominal sepsis was 
developed, which closely simulates human disease.’ In this 
system, mice received an intraperitoneal challenge with 
live bacteria or capsular polysaccharide. An adjuvant of 
autoclaved cecal contents from meat-fed rats was mixed 
50:50 volume-to-volume with the challenge inoculum, and 
the mixture was injected directly intraperitoneally. Six 
days after challenge, the animals were killed and examined 
for intra-abdominal abscesses. Mice were scored as positive 
for abscesses if one or more collection was observed contain- 
ing PMNs by smear. In general, animals had multiple 
abscesses studding the peritoneum, adherent to bowel, and 
present on the surface of the liver. A mouse was considered 
negative for abscesses if no collections were seen. In this 
model, challenge with B fragilis plus sterile cecal contents 
produced intra-abdominal abscesses. Injection of sterile 
cecal contents alone did not cause abscesses. A combina- 
tion of another anaerobic organism, such as Bacteroides 
distasonis or Fusebacterium varium, with an aerobe, such 
as enterococcus, also induced abscesses. None of these 
species could cause abscess formation alone.® 

When the capsular polysaccharide of B fragilis was 
purified, rats were immunized subcutaneously with 10 wg of 
polysaccharide three times a week for three weeks. One 
week after the final injection, animals were challenged with 
viable B fragilis. While naive rats all developed abscesses 
after challenge with live organisms, animals actively immu- 
nized with B fragilis capsular polysaccharide were pro- 
tected from forming abscesses.’ This result supported the 
hypothesis that the polysaccharide material, analogous to 
other surface polysaccharides, such as the pneumococcus, 
induced immunity. It was expected that this immunity 
would be antibody mediated. To test this theory, a passive 
protection experiment was performed in which rats were 
given Cohn fractionated serum from immunized animals 24 
hours before challenge. Actively immunized animals again 
were protected, and naive animals developed abscesses. 
Surprisingly, however, mice receiving hyperimmune serum 
were not protected against abscesses.’ The immunized 
animals had developed detectable levels of antibody to 
B fragilis. Therefore, the conclusion was that antibody was 
not protective. 

As a result of the failure of antibody to protect rats 
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passively from forming intra-abdominal abscesses, an adop- 
tive transfer experiment was performed using spleen cells 
from immunized and naive animals. Rats receiving spleen- 
cell suspensions from immunized animals did not develop 
abscesses, whereas mice receiving spleen cells from naive 
controls did form abscesses.’ This result led to a series of 
studies to determine the spleen cell responsible for confer- 
ring immunity. Spleen cells were fractionated into a non- 
adherent fraction (T cell enriched) and an adherent fraction 
(B cell and macrophage enriched) on nylon-wool columns. 
An adoptive transfer experiment was performed using 
these purified cell fractions, giving rats cells (either from 
immune or naive animals) by the intracardiae route 24 hours 
before challenge with viable B fragilis. The immune 
T-cell-enriched fraction protected, while the B-cell and 
macrophage suspension did not protect recipient animals.’ 
Naive cells were not protective. To confirm further that 
T cells were the responsible cells, whole-spleen-cell prepa- 
rations were treated with a monoclonal antibody to the 
T-cell marker for mice (anti-Thy 1.2 antiserum) and comple- 
ment.” Control cells were treated with complement alone. 
After incubation with the monoclonal antibody, cells were 
sedimented and transferred to naive mice. Mice receiving 
cells from immunized animals treated with complement 
alone did not form abscesses, while those receiving spleen 
cells incubated with the monoclonal antibody no longer 
were protected. This experiment confirmed that the cell 
responsible for protection against abscesses was a T cell 
because the treatment with anti-Thy 1.2 antiserum elimi- 


nated T cells from the immune whole-spleen-cell prepara- © 


tion and this T-cell-depleted preparation failed to protect 
mice. 

To characterize these T cells further, other monoclonal 
antibodies to more specific mouse T-cell surface antigens 
were used.” Mouse helper T cells carry the Ly 1 antigen, 
while cytotoxic and suppressor T cells are Ly 1°2*3°. 
Incubation of T-cell preparations derived from immunized 
mice with anti-Ly 1.2 (eliminates helper cell population) and 
anti-Ly 2.2 (eliminates cytotoxic-suppressor cells) anti- 
bodies and complement resulted in two types of cell suspe - 
sions. Naive mice were injected with the cytotoxic-suppres- 
sor cell population or the helper-cell population. Animals 
receiving the helper-cell suspension (anti-Ly 2.2 treat- 
ment) developed abscesses. Animals receiving the cyto- 
toxic-suppressor population (anti-Ly 1.2 treatment) contin- 
ued to be protected from abscesses, as were mice receiving 
the untreated immune splenic T cells. Therefore, the pro- 
tective T cell either was a cytotoxic or suppressor cell. To 
distinguish between these two populations, the property of 
cytotexic cells to recognize antigens carried by cells with 
the same major histocompatibility locus and not to recog- 
nize soluble antigens was exploited. Suppressor cells are 
not H2 restricted in their function and do recognize soluble 
antigens. Immune cells were transferred to syngeneic or 
allogeneic mice with the result that either group was 
protected from abscesses.’ Therefore, immunity to abscess 
formation conferred by T cells was not an H2-restricted w, 
phenomenon, supporting that a phenotypic suppressor cell 
was the responsible cell type. Suppressor cells, in addition, 
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have been found to carry an IJ marker absent on most 
cytotoxic cells. The cells capable of protecting against 
abscesses did carry an IJ marker as treatment of immune 
T cells with anti-IJ antiserum-eliminated protection.” 
Therefore, it was concluded that the T-cell subset responsi- 
ble for protecting mice against intra-abdominal abscesses 
caused by B fragilis was suppressor by phenotype. 

One of the known properties of suppressor T cells is to 
secrete lymphokines. Studies were designed to determine 
whether a product of these protective T cells was critical in 
preventing abscess formation. T-cell-enriched immune and 
naive spleen cells were lysed by four successive freezing and 
thawing cycles and were filtered to remove debris. Crude 
lysates were injected intraperitoneally into naive mice, and 
these animals were challenged with live organisms. Mice 
receiving T-cell factor from immunized animals (ITF) were 
protected against abscesses, while those receiving nonim- 
mune factor (NITF) were not protected.’ The ITF was as 
effective in preventing abscess development as the intact 
T-cell preparation. This putative lymphokine then was 
studied further to characterize its composition, size, and 
properties.’ The material proved to be quite labile, which 
complicated the experimental work. Digestion of ITF with 
enzymes, including the general protease, pronase, and 
trypsin, as well as nucleases, deoxyribonuclease, and ribo- 
nuclease, was performed. Nuclease digestion did not affect 
the ability of ITF to protect against abscesses in mice. On 
the other hand, digestion with both pronase and trypsin 
eliminated the protective effect of ITF.° The material, 
therefore, either was a protein (lymphokine) or depended 
for activity on a protein cofactor. 

To examine the size of ITF, the material was dialyzed in a 
dialysis membrane with a 12 000-dalton pour size. Despite a 
30-fold dilution in the dialysate, which was changed twice, 
dialysate—and not the contents of the dialysis bag—pro- 
tected against abscesses in mice, suggesting that ITF is 
small in molecular weight.® In addition, it was critical to 
examine whether the activity of ITF was antigen specific or 
general, such as one might observe with interferon. Two 
types of experiments were performed to assess antigen 
specificity. The first was to use a complex challenge of 
organisms in the mouse model. As stated earlier, B fragilis 
is the only anaerobic organism capable of causing abscesses 
alone in this model system. Other anaerobes require a 
facultative aerobic organism for synergy in provoking ab- 
scesses. A complex inoculum of B fragilis, B distasonis, and 
enterococcus or B fragilis, F varium, and enterococcus was 
employed. Whether mice received ITF or NITF before 
challenge with the complex inocula, all animals developed 
abscesses. The abscess contents in mice receiving ITF 
before challenge, however, did not contain B fragilis but did 
contain the other two species. Abscesses in animals receiv- 
ing NITF had the three initial challenge organisms. To 
confirm that ITF had antigen-specific activity, sheep red 
blood cells (SRBCs) were coated with B fragilis capsular 
polysaccharide, an unrelated capsular polysaccharide from 


group E streptococci (GBS), or were untreated. The ITF 


was incubated with SRBCs alone, SRBCs coated with 
B fragilis capsular polysaccharide, or SRBCs coated with 
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GBS capsular polysaccharide. The cells were centrifuged 
out, and the supernatant was administered to mice. Mice 
receiving ITF incubated with SF 3Cs alone or SRBCs 
coated with GBS capsular polysacenaride did not develop 
abscesses when challenged with viable B fragilis. In con- 
trast, mice receiving ITF incubated with SRBCs coated 
with B fragilis capsular polysaccharide all developed ab- 
scesses, confirming that the protective activity of ITF was 
antigen specific and suggesting that there might be a 
binding site for ITF on the B fragilis capsular polysac- 
charide. 

In summary, then, it appeared that immunity to experi- 
mental intra-abdominal abscesses caused by B fragilis was 
mediated by a splenic phenotypic suppressor T cell, which 
released a low-molecular weight, antigen-specific lympho- 
kine. Experiments were performed in nude mice to 
determine whether ITF still would be protective.* Nude 
mice were not protected from developing abscesses 
whether or not they received ITF. It appeared that ITF 
might not be sufficient to cause immunity to abscesses and 
that perhaps a second T cell was involved. Nude mice were 
reconstituted with naive T cells and then were protected 
from forming abscesses after receipt of ITF.* Therefore, a 
second T cell was critical in immunity to abscesses. This 
second cell proved to be Ly 1°2*3* when studies were 
performed with monoclonal antibodies to the Ly determi- 
nants and specific populations eliminated from the popula- 
tion to be transferred.* A possible suppressor T-cell circuit 
was being described in promoting immunity to intra-ab- 
dominal abscesses. Despite the suppressor phenotype of 
both the cell releasing ITF and the second required T cell, it 
was not clear what function was being suppressed in vivo. 

To examine whether a suppressor function could be 
defined, mice were treated with cyclophosphamide in low 
doses to eliminate T-cell activity but not affect PMNs. 
Surprisingly, when treated with cyclophosphamide, mice 
failed to develop abscesses following challenge with viable 
B fragilis.* This result raised the possibility that T cells 
actually were involved in abscess formation as well. Curi- 
ously, however, the experiments with nude mice seemed to 
contradict these findings since nude mice could not be 
protected from abscesses without naive T cells from normal 
animals but were able to form abscesses. It is known that 
nude mice have some precursor T cells. Cyclophosphamide- 
treated mice were reconstituted with different cell popula- 
tions to assess which types of cells were responsible for 
abscess induction." Transfer of normal spleen cells to cy- 
clophosphamide-treated mice restored the ability of these 
animals to develop abscesses. Spleen cells from nude mice 
also reconstituted the cyclophosphamide-treated animals. 
Anti-Thy 1.2 antiserum treatment of the nude spleen cells 
(to eliminate T cells or T-cell precursors) eliminated the 
ability of these cells to reconstitute the cyclophosphamide- 
treated mice, documenting that a Thy 1.2-bearing cell 
(T-cell precursor) was present in nude mice and vital for 
abscess formation. Cyclophosphamide-treated mice, in ad- 
dition, were reconstituted with normal spleen cells treated 
with anti-Ly 1.2 and anti-Ly 2.2 monoclonal antibodies. 
Both types of treatment eliminated the ability of these cells 
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to reconstitute the mice. Even giving cyclophosphamide- 
treated mice a combination of anti-Ly 1.2- and anti-Ly 
2.2-treated cells did not restore the capacity of these mice 
to develop abscesses where the normal spleen cells did 
reconstitute this ability. This experiment combined with 
the information from the nude mice suggested that the 
critical T cell involved in abscess formation bears both the 
Ly 1 and Ly 2 surface markers. Precursor T cells in nude 
mice have been shown to be Ly 1*2°. 

These studies have defined a unique T-cell-mediated 
system involved in promotion of and immunity to experi- 
mental intra-abdominal abscesses caused by the important 
anaerobic bacterium, B fragilis. Mice immunized with 
B fragilis capsular polysaccharide are protected from de- 
veloping abscesses by stimulation of a phenotypic splenic 
suppressor T cell, which releases a low-molecular weight, 
antigen-specific lymphokine (ITF). Protective activity of 
this lymphokine, in turn, depends on the presence of 
another phenotypic suppressor cell since nude mice were 
not protected from abscess formation unless they were 
given both ITF and naive T cells. One hypothesis for the 
activity of this circuit of phenotypic suppressor cells is that 
they act on a T cell that induces abscesses. The experiments 
with cyclophosphamide-treated mice documented that 
T cells are critical for the formation of intra-abdominal 
abscesses and that these cells bear both Ly 1 and Ly 2 
surface markers. Therefore, T cells are essential for both 


abscess formation and protection against abscesses, and it 
is possible that the T cells involved in immunity to abscesses 
act by suppressing the T cells responsible for stimulating 
abscess generation. 


References 


1. Polk BF, Kasper DL: Bacteroides fragilis subspecies in clinical iso- 
lates. Ann Intern Med 1977;89:569-571. 

2. Kasper DL, Hayes ME, Reinap BG, et al: Isolation and identification of 
encapsulated strains of Bacteroides fragilis. J Infect Dis 1977;136:75-81. 

3. Kasper DL, Weintraub A, Lindberg AA, et al: Capsular polysac- 
charides and lipopolysaecharides from two B fragilis reference strains: 
Chemical and immunochemical characterization. J Bacteriol 1983;153: 
991-997. 

4. Simon GL, Klempner MSJ, Kasper DL, et al: Alterations in op- 
sonophagocytic killing by neutrophils by Bacteroides fragilis associated 
with animal and laboratory passage: Effect of capsular polysaccharide. 
J Infect Dis 1982;145:72-77. 

5. Shapiro ME, Onderdonk AB, Kasper DL, et al: Cellular immunity to 
Bacteroides fragilis capsular polysaccharide. J Exp Med 1982;154:1188-1197. 

6. Onderdonk AB, Kasper DL, Cisneros RL, et al: The capsular polysac- 
charide of Bacteroides fragilis as a virulence factor: Comparison of patho- 
genic potential of encapsulated and unencapsulated strains. J Infect Dis 
1977 ;136:82-89. 

7. Onderdonk AB, Markham RB, Zaleznik DF, et al: Evidence for T cell 
dependent immunity to Bacteroides fragilis in an intra-abdominal abscess 
model. J Clin Invest 1982:69:9-16. 

8. Shapiro ME, Kasper DL, Zaleznik DF, et al: Cellular control of abscess 
formation: Role of T cells in the regulation of abscesses formed in response to 
Bacteroides fragilis. J Immunol 1986;137:341-346. 

9. Zaleznik DF, Finberg RW, Onderdonk AB, et al: A soluble suppressor 
T cell factor protects against experimental intraabdominal abscesses. 
J Clin Invest 1985;75:1023-1027. 


Discussion 


Dr Curistou: Dr Kasper, do you use anything else when you are 
challenging the mice besides B fragilis? Do you have to use any 
adjuvant to achieve the abscesses? 

Dr Kasper: Yes. In the rat model used earlier, we had to use 
Bacteroides organisms. We had used sterile cecal contents and 
barium sulfate. Those were surgically implanted in the rat peri- 
toneum in a gelatin capsule. The mouse model is simpler. 
Bacteroides fragilis still does not cause abscesses when given 
alone. Sterile cecal contents is the only adjuvant required; there is 
no need for barium sulfate. The cecal contents are just squirted in 
with a syringe, rather than using a surgical implantation. 

Dr Lanser: Dr Mannick, the low molecular weight of the 
suppressive factor that you found after four or five runs on 
purification columns would seem to lend itself very nicely to 
ultrafiltration. With the possibility of there being just a one- or 
two-step purification now that you have identified the low-molecu- 
lar-weight nature, ifthe factor were isolated after an ultrafiltration 
process, that would rule out any possibility that there were 
artifacts running on the various columns. Have you, in fact, used a 
low—molecular weight cutoff filter, for instance, 5000 or 10000 
molecular weight, to show that the suppressive factor comes 
through? 

Dr Mannick: Yes. There are some new filters that prevent 
adhesion, whieh are particularly useful. They come in the form of 
cones that you can simply centrifuge the material through, and we 
find with a cone at approximately 5000 molecular weight or 
possibly less the material purification can be speeded up because it 
does go through. 

Dr Mappis, Minneapolis: Dr Kasper, I am curious about some 
work done by Dr Markham at Washington University in St Louis. 
He has been studying immunity to Pseudomonas aeruginosa. He 
immunizes mice with a eapsular polysaccharide of Pseudomonas, 
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as you do, and his model involves intraperitoneal inoculation of 
Pseudomonas. He has also found that immunity develops and that 
that immunity is based on an Lyt ~2*3* cell. In in vitro studies, he 
has shown that these cells produce lymphokine that can kill not 
only Pseudomonas organisms but also staphylococci and 
Escherichia coli. I wonder if you could comment on this work and 
the similarities or dissimilarities. 

Dr Kasper: I am familiar with his work; Dick Markham was a 
fellow of mine. There are some striking similarities between what 
he has found and what we have found. Let’s talk about the major 
differences. 

The antigen that Drs Markham and Pier are working with is not 
really a capsular polysaccharide; it is rather an O side chain of 
Pseudomonas LPS. It is a long O side chain, long enough to be 
immunegenic. That is one difference. The second thing is that he 
has to treat the animals with low-dose cyclophosphamide to see any 
of these effects, whereas we do not have to treat the animals or 
immunesuppress them in any way to see this particular disease 
entity. 

The third striking difference, as you pointed out, is the extreme 
antigenic specificity of our factor, compared with the rather 
diversified ability of the factor that Dr Markham is working with to 
inhibit bacterial growth in vitro. There may be a common effector 
mechanism, such as macrophages or interferon gamma, at work in 
Dr Markham’s system. 

RonaLp MAIER, MD, Seattle: Dr West, it is becoming evident 
that TNF is really species specific and that there is not much cross- 
reactivity between different species. Do you know if the recombi- 
nant TNF that you use in your system has a positive response in 
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any of the cells or in any other model in the species you used it in?) 


Dr West: Not specifically in rats. We just have the manufac- 
turer’s bioassays with respect to lysis of the murine fibroblast line 
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that it is used fox The species differences may explain why we may 
be dealing with rat TNF or a similar molecule, but because of the 
differences, we are not able to demonstrate that. 

For the human with the recombinant IL-1, there is only a 40% 
homology between the murine and human IL-l, although the 
sequences appear to be relatively well conserved in the presumed 
active portion with respect to lymphocyte-activating activity. 
There is eviderce with IL-1, for example, that there are very 
marked differemces, despite the presence of some fairly distinct 
similarities. 

RICHARD Simmons, MD, Minneapolis: I have a similar broad 
question, and I address it to the whole panel. Is there any evidence 
at all that T-cell function is important in the control of normal 
pyogenic infectsons with which surgeons deal? For example, for Dr 
Kasper te demenstrate his phenomenon, which I think is wonder- 
ful, he has to immunize the animal first; in fact, if he did not 
immunize the animal, the B fragilis would not cause any trouble. It 
is because he mmunizes the animal that the bacteria cause the 
abscesses. 

Dr Kasper I am sorry that I did not make that clear. The 
normal animals develop abscesses irrespective of their immune 
status. 

Dr Simmons: Yes, but the immunity aborts the ability of the 
animal to control this infection, which is otherwise not a very 
serious infection. 

Dr Kasper. That’s right. 

Dr Simmons: In other words, it is a special phenomenon, which 
may be generalizable. Similarly, in the Pseudomonas infection, the 
T-cell factors require special preparation of the animal and may, in 
fact, participace in some kind of pathologic process rather than in a 
true protective process. 

One of the reasons why I raise this question is that it is so 
common to see the down regulation of T-cell immunity in a variety 
of situations. I am wondering if this is in some way an adaptive 
phenomenon rather than a dangerous phenomenon. 

Dr MANnickK: I think this is something that has been said to 
many of us who have been interested in this phenomenon for some 
years, as Dr Simmons is well aware. I doubt that any of ushere can 
prove whether what you say is true. I am inclined to think that your 
point of view is not altogether true, for reasons that perhaps would 
be clear from what I have already said. 

First, I thnk there is increasing evidence that normal helper 
T-cell function is probably important in generating antibady, and I 
doubt that amy of us would disagree that an anamnestic antibody 
response plays some helpful role, even in the elimination of such 
classical pyogenic organisms as staphylococci. 


I also think it is becoming apparent that the focus on PMN 
function, which has preoccupied a number of us in this Society for 
several years, has led to some in vitro observations that may or may 
not be relevant to the in vivo activity of PMNs. Therefore, the 
belief that all the action is with the PMNs may not be correct. 

Finally, I think there is increasing evidence that isolated phe- 
nomena in the laboratory are not the only way in which 
T-lymphocyte function may be important in clearing bacteria. For 
example, Pseudomonas is certainly not an unusual pathogen in 
injured patients. Not only the work cited from St Louis but also 
Pier’s work reported a year ago in the Journal of Immunology 
suggested that with a Pseudomonas vaccine you could get two 
phenomena in experimental animals. One is antibody production, 
and the other is hypersensitivity and no antibody production. 
Strangely, either of these phenomena seems to be quite satisfac- 
tory in protecting the animals against Pseudomonas. So, I think 
this is becoming a phenomenologically complex issue—that proba- 
bly all of these things blend together in what is “natural resistance” 
and that all of them are probably important. 

Dr Kasper: I second that point of view. I would argue that these 
are relatively new techniques, and these questions have really not 
been asked with a number of microorganisms. We may find that 
with some of the more classical infections, such as staphylocecci (I 
am not convinced by the literature that immunity to staphylococcal 
infection is only antibody mediated), there may well be very 
complex interactions between the humoral and the cellular im- 
mune system that we do not know about or are just now learning 
about. We have not looked for such interactions because the 
techniques have not been available until now. 

Dr Curistou: Is this factor directly bactericidal? Have you 
tested for any direct bactericidal activity against Bactercides? 

Dr Kasper: I am sorry you asked me that. We were very curious 
about that because of the complement studies. If you complement- 
deplete the animals, do you no longer see the formation of 
abscesses? Unfortunately, I do not know. We had an observation for 
about a year that we could show killing in vitro with this factor and 
with complement, and then it went away, so we have never 
published our findings. We were very concerned about that. 

We learned several years ago that B fragilis undergoes some 
very significant biochemical alterations in its surface as you pass it 
in vitro. We are now going back to the previous model because this 
has been a focus of our concern for the past year. Did those 
organisms undergo one of these biochemical alterations? It ap- 
pears as if they did. Whether that is responsible for their no longer 
being sensitive to factor plus complement, I do not know. 


In Other AMA Journals 


ARCHIVES OF OTOLARYNGOLOGY-HEAD AND NECK SURGERY 
‘Treatment of Stage I Carcinoma of the Anterior Floor of the Mouth 
LCDR Mario S. Yeo, MC, USNR, CAPT James C. Cruickshank, MC, USN 


A retrospective study of 27 patients treated for stage I squamous cell carcinoma of the floor of the mouth was 
performed to assess the effectiveness of therapy. Of these patients, 23 (85%) underwent surgical therapy. Four 


patients (15%) were treated with radiation therapy alone, and three (11%) underwent combined surgery and 
radiation treatment. Initial treatment failed in seven patients (26%), and further therapy was curative in only 
four of seven. This small study suggests that stage I floor-of-the-mouth squamous cell carcinoma is not an easy 
lesion to cure. Other studies support these data. A three-dimensional monobloc resection with a 2-cm margin, 
including resection of the submandibular glands, is advocated. Toluidine blue O mucosal staining and Mohs’ 
chemosurgery are helpful adjuncts in determining the tumor margins (Arch Otolaryngol Head Neck Surg 
1986;112:1085-1089). 
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Correspondence and Brief Communications 


Prevention of Major Amputations in 
Diabetic Patients 


To the Editor.—In his study published 
in the ARCHIVES, “Prevention of Major 
Amputations in the Diabetic Patient,” 
Dr Ger’ does well to remind us that 
major amputations can often be 
avoided in diabetic patients with toe 
and foot infections and necrosis. It 
presupposes circulation adequate for 
this purpose and demands locally ag- 
gressive surgery. I learned the same 
lesson when I first published my re- 
sults of radical local débridement in 
1968.* I have continued to use the same 
approach. I also agree that “ray” am- 
putation is not always essential when 
there is a chronic infection of the meta- 
tarsophalangeal joint area. Local ex- 
cision of the joint, as practiced by Dr 


Calendar of Events 


1987 


February 


The Society of University Surgeons, Feb 12-14, 
The New Orleans Hilton Riverside & Towers, 
Columbus, Ohio. Chairman: Dr Ronald Fer- 
guson, Ohio State Uriversity Hospitals, Depart- 
ment of Surgery, Means Hall, Room 258, Colum- 
bus, OH 43210. 


March 


Southeastern Surgical Congress, March 16-18, 
Original Downtown Marriett Hotel, Atlanta. Con- 
tact Roger Sherman, MD, Secretary-Director, The 
Southeastern Surgical Congress, 69 Butler St 
SE, #314, Atlanta, GA 30303. 


The 15th Annual Symposium of the Society for 
Clinical Vascular Surgery, March 25-29, Hyatt 
Regency at Gainey Ranch, Scottsdale, Ariz. Con- 
tact Charlene Terranova, Society for Clinical 
Vascular Surgery, 13 Elm St, Manchester, MA 
01944. 


April 


The American Society ef Colon and Rectal Sur- 
geons, April 5-10, Wasnington. DC. Contact Har- 
riette Gibson, Executive Director, 615 Griswold, 
Suite 1717, Detroit, M! 48226. 
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Ger, or excision of the metatarsal head 
and débridement of the area through a 
dorsal incision? is frequently success- 
ful. 

Additional details regarding the pe- 
ripheral circulation of these patients 
would help. Unless one good ankle 
pulse or at least a strong popliteal 
pulse with good clinical compensation 
in the foot is present, local surgery is 
unlikely to heal. If only a femoral pulse 
is present, urgent débridement should 
be followed by angiography and ar- 
terial reconstruction before the heal- 
ing of the open area becomes jeopar- 
dized by inadequate circulation. 
Recent publications suggest that non- 
invasive circulatory tests can predict 
the likelihood of healing. I have not 
found this more helpful than clinical 
criteria. The value of transcutaneous 


American Association for Thoracic Surgery, 
April 6-8, Chicago. Contact W. T. Maloney, 13 Elm 
St, Manchester, MA 01944 (617) 927-8330. 


Association for Surgical Education, April 8-11, 
Williamsburg, VA. Contact Dr Bruce Macfayden, 
Jr, 6431 Fannin, #4164, Houstan, TX 77030. 


American College of Surgeons, April 5-8, Phila- 
delphia. Contact LaSalle D. Leffall, Jr, MD, Ameri- 
can College of Surgeons, 55 E Erie St, Chicago, 
IL 60611. 


1987 Annual Meeting of the Society of Surgical 
Oncology in conjunction with the Society of 
Head and Neck Surgeons, the British Associ- 
ation of Surgical Oncology, and the British 
Society of Head and Neck Surgeons, April 26- 
May 1, The Grosvenor House, London, Contact 
SSO, 13 Elm St, Manchester, MA 01944. 


May 


Association of Veterans Administration Sur- 
geons, May 7-9, Portland, Ore. Contact Donald 
E. Fry, MD, Chief, Surgical Service, VA Medical 
Center, 10701 East Blvd, Cleveland, OH 44106. 


The Surgical Infection Society, May 11-12, The 
Hershey, Philadelphia. Contact Jonathan L. 
Meakins, MD, Department of Surgery, Room 
$10.30, Royal Victoria Hospital, 687 Pine Ave W, 
Montreal, Quebec, Canada H3A 1A1. 


Annual Meeting of the Society for Surgery of the 
Alimentary Tract Inc, May 12-13, Hyatt Regency, 
Chicago. Contact David Nahrwold, MD, Depart- 
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partial pressure of arterial oxygen in 
this situation has not yet been estab- 
lished. 

Finally, because of the redistribu- 
tion of weight bearing after local sur- 
gery, combined with the diabetic neu- 
ropathy, the patient must wear a shoe 
that allows pressure mainly on the 
arch of the sole and reduces pressure 
on the metatarsal heads and/or heel, as 
indicated by the local anatomy and 
recent surgery. 

ADOLF SINGER, MD 
Elmhurst, NY 


1. Ger R: Prevention of major amputations in 
the diabetic patient. Arch Surg 1985;120:1317- 
1320. 

2. Singer A, Rossi G: Radical local surgery in 
diabetic gangrene. J Mt Sinai Hosp 1968;35:390- 
395. 

3. Singer A: Surgical treatment of mal per- 
forans. Arch Surg 1976;111:964-968. 


ment of Surgery, Northwestern University, 250 E 
Superior St, Suite 201, Chicago, IL 60611. 


American Fracture Association Annual Meet- 
ing, May 23-27, Hyatt Regency, Chicago. Contact 
John L. Wright, MD, PO Box 668, Bloomington, IL 
61701. 


June 


First International Shock Congress and Tenth 
Annual Conference on Shock, June 7-11, Mer- 
idien Hotel, Montreal, Canada. Contact Dr Sher- 
wood M. Reichard, Medical College of Georgia, 
Augusta, GA 30912. 


September 


American Association for the Surgery of 
Trauma, September 10-12, Bonaventure Hilton, 
Montreal, Quebec, Canada. 


Annual Meeting of the Society of Thoracic Sur- 


geons, Sept 21-23, Metro Toronto Convention 
Center, Toronto, Ontario, Canada. 


October 
New England Surgical Society, October 16-18, 
The Mount Washington, Bretton Woods, New 
Hampshire. 


American College of Surgeons, October 11-16, 


e 


San Francisco. Contact LaSalle D. Leffall, Jr, MD, xe 


American College of Surgeons, 55 E Erie St, 
Chicago, IL 60611. 
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In intra-abdominal and gynecologic infection 


due to indicated organisms 
Switch to 


CEFOTAN.. 


(cefotetan disodium) 





The cost-effective replacement for cefoxitin 


For Intravenous or intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE . l 
TREATMENT: CEFOTAN® tæefotetan disodium) is indicated for the therapeutic treatment of the 
following infections whenecaused by susceptible strains of the designated organisms: 


Urinary tract infections caused by E coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Protews sp which may include the organisms now called Proteus vulgaris Providencia 
rettgeri, and Morganella morganii). 


Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D preumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus 
oon (includingsampicillin-resistant strains), K/ebsiella species (including K pneumoniae), 
and E coli. 


Skin and skin structure infections caused by Staphylococcus aureus (penicillinase- ancnonpenicil- 
linase-producing strains), Staphylococcus epidermidis,” Streptococcus pyogenes and Streptococcus 
species (excluding enteracocci), and E coli. 


Gynecologic infeetians caused by Staphylococcus aureust (including penicillinase- an@nonpenicil- 
linase-producing strains’, Staphylococcus epidermidis ,* Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron) , Fusobacterium species,’ and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus species). 


intra-abdominal infectians caused by £ coli, Klebsiella species (including K pneumoniae"), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasoms, B ovatus, 
B thetaiotaomicren) 


Bone and joint inteetions caused by Staphylococcus aureus.‘ 
* NOTE: Some strains of'Staphylococcus epidermidis are resistant to cefotetan. 
‘Efficacy for this organism in this organ system was studied in fewer than ten infections. 


PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidencesof certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
contaminated or potentially contaminated (eg, cesarean section, abdominal or vaginalthysterectomy, 
transurethral surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic-dose of CEFOTAN should be administered 30 to 60 minutes prior teesurgery. In 
patients undergame cesarean section, CEFOTAN should be administered intravenouslyeafter the 
Clamping of the umbilical cord. 

If there are signs and symptoms of infection, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may De initiated. 


CONTRAINDICATIONS 
CEFOTAN is contraindicated in patients with known allergy to the cephalosporin groupcof antibiotics. 


WARNINGS 
Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had previous hypersensitivity reactions to cefotetan disodium, cephalosporins, 
nicillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 
ibiotics shouldbe administered with caution to any patient who has demonstrated some form of 
allergy, particularty towrugs. If an allergic reaction to CEFOTAN occurs, discontinuethe drug. 
Serious acute hypersensitivity reactions may require epinephrine and other emergency measures. 
Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
ctrum antidwtics)=therefore, it is important to consider its diagnosis in patientswho develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit 
overgrowth of etostridta. Studies indicate a toxin produced by Clostridium difficile is ane primar 
cause of antibietic-associated colitis. Cholestyramine and colestipol resins have beem-shown to bind 
the toxin in vitro. 

Mild cases obcolitis may respond to drug discontinuance alone. Moderate to severe cases should 
be managed with fluid. electrolyte, and protein supplementation as indicated. When the colitis is not 
relieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for 
ee pseudomembranous colitis produced by C difficile. Other causes should also be 
considered. 


PRECAUTIONS 

GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. if superinfection 
does occur dumng therapy, appropriate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment. or poor nutri- 
tional state. Prothrombin times should be monitored in patients at risk and exogenous Vitamin K 
administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly cotitis. 


INFORMATIGN'FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by Spee o sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
ingestion of aleonolic beverages following the administration of CEFOTAN. 


DRUG INTERACTIONS: If CEFOTAN and an aminoglycoside are used concomitantly, senal function 
should be carefully monitored, especially if higher dosages of the aminoglycoside as to be adminis- 
tered or if therapy is prolonged, because of the potential nephrotoxicity and ototoxierty of aminoglyco- 
side antibiotics. Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, 
it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside 


DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedictis or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urme creatinine levels of Jaffe reaction and produce false increases in the levels of 
Creatinine reported. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals havenct been performed to evaluate carcinogenic potential, no mutagenicpotential of 
cefotetan was foundiin standard laboratory tests. 

Cefotetan Ras adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approx 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 


CEFOTAN® (cefotetan disodium) 


developmentally analogous to late childhood and oe gine in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells includec spermatogo- 
nia and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of sions 
were dose-dependent; at 120 pathy des (approx 2-4 times the usual human dose), only 1 af 10 
treated animals was affected, and the degree of degeneration was mild. Similar lesions nave been 
observed in experiments of comparable design with other Pa a irr ara ae antibiotics 
and impaired fertility has been reported, particularly at high dose levels. No testicular effects were 
observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or in intantédogs 

(3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these findings to 
humans is unknown. 


USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence o° impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal reproductive studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed 


USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations 
Caution should be exercised when cefotetan is administered to a nursing woman 
PEDIATRIC USE: Safety and effectiveness in children have not been established 


ADVERSE REACTIONS 
In clinical studies the following adverse effects were considered related to CEFOTAN therapy 


Gastrointestinal symptoms occurred in 1.5 percent of patients; the most frequent were diarrhea (1 in 
80) and nausea (1 1n 700). 


Hematologic laboratory abnormalities occurred in 1.4 percent of patients and includec eosinophilia 
(1in 200) positive direct Coombs' test (1 in 250), and thrombocytosis (1 in 300) 


Hepatic enzyme elevations occurred in 1.2 percent of patients and included a rise in SGPT (1 in 150), 
SGOT (1 im 300), alkaline phosphatase (1 in 700), and LDH (1 in 700) 


Hypersensitivity reactions were reported in 1.2 percent of patients and included rash (1 im 150) and 
itching (1in 700). 


Local effects were reported in less than one percent of patients and included phlebitis at the site of 
injection (1 in 300), and discomfort (1 in 500). 


DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or 
intramuscularly every 12 hours for 5 to 10 cays. Proper dosage and route of administratian should be 
determined by the condition of the patient, severity of the infection, and susceptibility of the causative 
organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Foute 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3g every 12 hours IV 


“Maximum daily dosage should not exceed 6 grams 


PROPHYLAXIS: To pens postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, ntravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose sheuld be 
administered as soon as the umbilical cord is clamped 


IMPAIRED RENAL FUNCTION: When rena! function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 





Creatinine Clearance 
mL/min Dose Frequency 
>30 Usual Recommended Dose* Every 12 hours 
10-30 Usual Recommended Dose* Every 24 hours 
<10 Usual Recommended Dose* Every 48 hours 


“Dose determined by the type and severity of infection, and susceptibility of the causative organism. 


Cefctetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 


HOW SUPPLIED 

CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetay disodium 
equivalent to 1g and 2 g cefotetan activity for intravenous and intramuscular admir istration. The 1g 
dose is available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 400 mL vials. 
The vials should not be stored at temperatures above 22°C and should be protectec fram light. 
1gin 10 mL vial (NDC 0038-0376-10 

2 g in 20 mL vial (NDC 0038-0377-20 

1g in 100 mL vial (ND 0038-0376-11) 

2 gin 100 mL vial (NDC 0038-0377-21) 


Manutactured for 


STUART PHARMACEUTICALS 


Division of ICI Americas Inc 


Wilmington, Delaware 19897 Rev E 3/86 63967-02 
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ae PROGRAM OF THE NEW ENGLAND SURGICAL SOCIETY—1986 
Surgical Disease in East Africa i W. V. McDermott 


Hepatic Cryosurgery With Intraoperative Ultrasound Monitoring for Metastatic 
Colon Carcinoma T. S. Ravikumar, R. Kane, B. Cady, R. L. Jenkins, W. McDermott, G. Onik, 
M. Clouse, G. Steele, Jr 


Recognition and Clinical implications of Mesenteric and Portal Vein Obstruction 
in Chronic Pancreatitis A. L. Warshaw, G. Jin, L. W. Ottinger 








Pancreatoduodenectomy in the Management of Chronic Pancreatitis R. L. Rossi, 
J: Rothschild, J. W. Braasch, J. L. Munson, S. G. ReMine 


Atresia of the Esophagus D. W. Hight, G. McGowan, J. Smith, G. Kent, F. Alexander 


The Treatment of Complicated Appendicitis in Children J.R. Elmore, A. W. Dibbins, 
M. R. Curci 


d Adult Human Vascular Endothelial Cell Attachment and Migration on Novel 
Bioabsorbable Polymers _” J, E. Hasson, D. H. Wiebe, W. M. Abbott 


a 


Neurologic Sequelae With Internal Carotid Artery Occlusion G. M. LaMuraglia, 
R. C. Darling, D. C. Brewster, W. M. Abbott 


Monoclonal Antibody-Mediated Modulation of Parathyroid Hormone Secretion 
by Dispersed Parathyroid Cells i J. T. Posillico, R. E. Wilson, S. S. Srikanta, 
G. S. Eisenbarth, M. Letaste, E. J. Quackenbush, V. Quaranta, S. Kajaji, E. M. Brown 


Cystic Neoplasms of the Pancreas S. G. ReMine, D. Frey, R. L. Rossi, J. L. Munson, 
J. W. Braasch 


Advances in Drug Therapy for Peptic Ulcer Disease T. N. Pappas, S. J. Mulvihill, 
Y. Goto, H. T. Debas 


C. H. Nightingale, J. Robotti, P. J. Deckers, 
P. D. Allmendinger, R. Lowe, H. B. C. Low 


Management of Recurrent Pelvic Tumors P. N. Benotti, A. Bothe, Jr, R. C. Eyre, 
B. Cady, W. V. McDermott, G. Steele 


Resection of Tumors in Irradiated Fields With Subsequent Immediate 
Reconstruction L. B. Miller, G. Steele, B. Cady, F. G. Wolfort, A. Bothe, Jr 


Amino Acid Clearance in Cirrhosis R. H. Pearl, G. H. A. Clowes, Jr, S. Bosari, 
W. V. McDermott, J. O. Menzoian, W. Love, R. L. Jenkins 


Clinical, Hemodynamic, and Anatomic Follow-up of Direct Venous 
re Reconstruction T. F O'Donnell, Jr, W. C. Mackey, A. D. Shepard, A. D. Callow 


Electrocoagulation for Intraoral Cancer C. S. Whelan, D. E. Marcello, Jr, 
W. B. Patterson, P. J. Deckers 


d Management of the Urinary Tract Involved by Recurrent Cancer R. C. Eyre, 
P N. Benotti, A. Bothe, B. Cady, G. Steele, Jr 
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Mean: Powertully effective antimicrobial therapy 
with a single daily dose. 


ae Tae 
Type of infecton* diagnoses Clinical response’ 


Bacterial 42 95% (76% cured t 
septicemia 19% improved?) 





(75% cured 
20% improvec) 


Bone and joint 


(75% cured 
17% improved) 


Intra-abdominal 


(70% cured 
27% improved) 


Lower 
respiratory tract 


Skin/skin 
structure 


(75% cured 
20% improved) 


(91% cured 
9% improved) 


Urinary tract 


(78% cured 
19% improved) 


Overall response 


Dosage was 1 or 2 gm q24h. 
*See summary of product information on last page of this advertisement 
for indicated organisms 


tClinical Cure: 
Elimination of the clinica! signs 
and symptoms of the disease, 
with no recurrence az the time 
the drug was discontinued or 
during follow-up. 


tClinical Improvement: 
A significant lessening of the 
clinical signs and symptoms of 
the disease. 


Copyright © 1987 by Hoffmann-La Roche Inc. All rights reserved. 


Lean: Once-daily therapy costs less. h 
Less drug needed?*—usually just 1 gram— fewer 

IV supplies, less pharmacy labor, less nursing 

time, fewer opportunities for error. . . just a few 

of the many reasons why once-a-day ROCEPHIN® 
(ceftriaxone sodium) almost always costs patients 
less than any other third-generation cephalosporin. 


And ROCEPHIN IV remains stable for 3 days at 
room temperature, so little is lost to spoilage. 


Result: documented savings of thousands of 
dollars every year'®®. . . and once-daily therapy ~ 
makes outpatient treatment feasible, saving even 
more.’ 
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¥) Clean: Generally well tolerated." she A ee eae 
As with any cephalosporin, there exists the — ` Noble JT, Barza M: Drugs 30:175-181, 1985. 
possibility of hypersensitivity reactions, especially 


NOOR WN — 


_ Neu HC: Bull NY Acad Med 60:327-339, May 1984. 

oo eel ane Pe . Barriere SL, Flaherty JF: Clin Pharm 3:351-373, Jul-Aug 1964. 

in individuals with a history of drug sensitivity, "Tanner DJ, Nazarian MQ: Am J Med 77:104-111, Oct 19, 1984. 
Adverse clinical effects occur at levels similar to _ Bryan CS, et al: J SC Med Assoc 82:121-129, Mar 1986. 

exe ia : . Jauregui LE, et al: Proceedings: Progress in Therapy of Bacterial 

those of other cephalosporins, n clinical trials, Infections/A New Cephalosporin: Ceftriaxone. New York, Excerpta 
diarrhea (2.7%), rash (1.7%) and injection-site Medica, Elsevier, 1983, pp. 104-122. 
discomfort (1.0%) were reported. 


Please see following page for summary of product informaton. 


Once-a-day 


Rocephin::. 


ceftriaxone sodium/ Roche 
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Rocephin v.m 
ceftriaxone sodium/Roche 


Before prescribing please consult complete product information, a summary of which follows: 
MICROBIOLOGY: The Dactericdal activity of ceftriaxone results from inhibition of cell wall synthesis 
Ceftriaxone nas a high cegree of stability in the presence of beta-lactamases. both penicillinases anc 
cephalosponnases of gram-negativeand gram-positive bacteria. Ceftriaxone is usually active against the 
following microorganisms in vitro and in clinical infections (see indications and Usage) 
GRAM-NEGATIVE AEROBES: Enterobacter aerogenes, Enterobacter cloacae, Escherichia coli, Hae- 
mophilus influenzae {inciuding ampicillin-resistant strains), H.parainfluenzae, Klebsiella species (includ- 
ing K pneumomae), Nessene gonerrhoeae (including penicilinase and nonpenicillinase producing 
strains), Neissena memngitidis Proteus mirabilis, Proteus vulgaris, Morganella morganii and Serratia 
marcescens. 

Note: Many strains af the above organisms that are multiply resistant to other antibiotics, eg., penicillins, 

cephalosporins ancarroglycosides are susceptible to ceftnaxone sodium 

Ceftriaxcne is also active against many strains of Pseudomonas aeruginosa 

GRAM-POSITIVE AEROBES: Siaphytococcus aureus (including penicillinase-producing strains) and 

Staphylococcus epermidis (Note: methicillin-resistant Staphylococci are resistant to cephalosporins. 

includingicettriaxona), Sireptococcus pyogenes (Group A beta-hemolytic streptococci), Streptococcus 

agalactiae (Group Bestrepiococe!) and Streptococcus pneumoniae (Note: Most strains of enterococci. 

Streptococcus faecalis and Group D streptococci are resistant ) 

Ceftriaxone also demonstrates in viiro activity against the following microorganisms, although the clinical 

significance is unknawn 

GRAM-NEGATIVE AERCEES. Citrobacter freundii, Citrobacter diversus, Providencia species (including 

Providencia retigen) Salmonella species (including S typhi), Shigella species and Acinetobacter 

caicoacewcus 

ANAEROBES: Bactemides species Clostridium species (Note: most strains of C difficile are resistant). 

SUSCEPMBILITY TESTING: Stardard susceptibility disk method. Quantitative methods that require 

measurement of zone diameters give the most precise estimate of antibiotic susceptibility. One such 

procedure (Bauer AW. Kirby WMM, Sherris JC, Turck M: Antibiotic Susceptibility Testing by a Standardized 

Single Disx Method. Am J Clin Patho! 45. 493-496, 1966: Standardized Disk Susceptibility Test, Federa! 

Register 29 19182-19184 1974; National Committee for Clinical Laboratory Standards, Approved Stan: 

dard: ASN-2. Periormance Standards tor Antimicrobial Disk Susceptibility Tests, July 1975.) has been 

recommended for use withdisks 10 test susceptibility to ceftriaxone 

Laboratory results of the standardized single-disk susceptibility test using a 30-mcg cettriaxone disk 

shouid be internreted according to the following three critena 

1. Susceptible organisms produce zones of 18 mm or greater, indicating that the tested organism ıs likely 
to respond to therapy. 

2. Organisms that of 1410 17 mm are expectec 10 be susceptible if a high dosage (not to 
exceed 4 gm per day) is or if the infection is confined to tissues and fluids (eg. urine), in which 
high antibiot'c levels are attained, 

3. Resistant organisms proauce zones of 13 mm or less, indicating that other therapy should be selected 

Organisms:shouid be testec with necetttriaxone disk, since ceftriaxone has been shown by in vitro tests 

to be active against certain strains found resistant to cephalosporin class disks. 

Organisms having zones of less than 18 mm around the cephalothin disk are not necessarily of 

intermediate susceptibility or resistant to.ceftriaxone. 

Standardized procedures require use of contro! organisms. The 30-mcg ceftriaxone disk should give zone 

diameters between 29 and 35 mm, 22 and 28 mm and 17 and 23 mm for the reference strains E.coli ATCC 

25922. S. aureus ATCC25923 and © aeruginosa ATCC 27853, respectively 

DILUTION TECHNIQUES: Based on the pharmacokinetic profile of ceftriaxone, a bacterial isolate may be 

considered susceptible if the MIC value for ceftriaxone is not more than 16 mcg/ml. Organisms are 

considered resistant tocefinaxone f the MIC is equal to or greater than 64 meg/mi. Organisms having an 

MIC value oF less than 64 meg/my, out greater than 16 mcg/ml, are expected to be susceptible if a high 

dosage (notito exceec ê gm per day) is used or if the infection is contined to tissues and fluids (eg, urine), 

in which high antibiotic velssare attained. 

E. coli ATCC. 25922, S aureus ATCC 25923 and P aeruginosa ATCC 27853 are also the recommended 

reference strains for controlling ceftriaxone dilution tests. Greater than 95% of MICs for the E coli strain 

should fall withir the range of 0.016 to OS mcg/ml. The range for the S. aureus strain should be 1 to 2 

mcg/ml, while for the P aeruginosa strain'the range should be 8 to 64 mcg/ml 

INDICATIONS AND USAGE: Rocephin is indicated for the treatment of the following infections when 

caused by susceptible organisms 

LOWER RESPIRATORY TRACT INFECTIONS caused by Strep. pneumoniae, Streptococcus species 

(excluding enterococc:).Staon. aureus, H influenzae, H. parainfivenzae, Klebsiella species (including K. 

pneumoniae}, E coli, E.arogenes, Proteus mirabilis and Serratia marcescens 

SKIN AND SKIN STRUT UREINFECTIONS caused by Staph. aureus, Staph. epidermicis, Streptococcus 

species (exciuding enterococci), E cloacae, Klebsiella species (including K pneumoniae), Proteus 

murabilis aeruginosa. 

URINARY TRACT INFECTIONS (compiicated and uncomplicated) caused by E. coli, Proteus mirabilis, 

Proteus vulgaris. M. morgan end Klebsiella species (including K. pneumoniae) 

UNCOMPLICATED GONORRHEA jcervical/urethral and recta!) caused by Neisseria gonorrhoeae, 

including botn penicillinase and nonpenicillinase producing strains 

PELVIC INFLAMMATOR® DISEASE caused by N. gonorrhoeae 

BACTERIAL SEPTICEMIA caused by Staph. aureus, Strep. pneumoniae, E. coli, H. influenzae and K 

pneumoniae. 

BONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. oneumoniae, Streptococcus species 

(excluding enterococci) E coll;P mirabilis, K pneumoniae and Enterobacter species 

INTRA-ABDOMINAL INFECTIONS causediby E.coli and K. pneumoniae 

MENINGITIS causad by FL intluenzae. N meningitidis and Strep. pneumoniae. Ceftriaxone has aiso been 

used successfully in a limitecinumber of cases of meningitis and shunt infections caused by Staph 

epidermidis and E coli 

PROPHYLAXIS. The administration cf a single dose of ceftriaxone preoperatively may reduce the inci: 

dence of postoperative imecticns in patients undergoing coronary artery bypass surgery 

Although cettnaxone has Seermshown tc have been as effective as cefazolin in the prevention of infection 

following coronary artery Dypass surgery, no placebo-controlied trials have been conducted to evaluate 

any cephalosporin antibiatic in the prevention of infection following coronary artery bypass surgery. 

SUSCEPTIBILITY TESTING. Betore instituting treatment with Roceohin, appropriate specimens should 

De obtained fcr iso ation cf the causative organism and for determination of its susceptibility to the drug. 

Therapy may be instituteapnorto obtaining results of susceptibility testing 

CONTRAINDICATIONS: Recephin is contraindicated in patients with known allergy to the cephalosporin 

class of antibiatics. 

WARNINGS: BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED, CAREFUL INQUIRY SHOULD BE 

MADE TO DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY REAC- 

TIONS TO CEPHALOSPORINS, PENICILLINS OR OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN 

CAUTIOUSLY TO PENICIL_IN-SENSIT'VE PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH 

CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY. PARTICULARLY 

TODRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE THE USE OF SUBCUTA- 

NEOUS EPINEPHRINE AND CTHER EMERGENCY MEASURES 

Pseudomembranous colitis has been reported with the use ot cephalosporins (and other broad-spec- 

trum antibiotics); therefore it is mportant to consider its diagnosis in patients who develop diarrhea in 

association with antibiotic use. 





References: 
1. Data on file, Hoffmann-La Roche Inc. 
2. Patel IH, Kaplan SA: Am / Med 77:17-25, Oct 19, 1984. 
3. Richards DM, at 2/; Drugs 27:469-527, 1984. 
4. Cleeland R, Sauires E: Am J Med 77:3-11, Oct 19, 1984. 
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Surgical Disease in East Africa: Presidential Address ... 


William Y. McDermott, MD, Boston 


Hepatic Cryosurgery With Intraoperative Ultrasound Monitoring 


for Metastatic Colon Carcinoma ...........-..:6 seers 


Thanjavur S. Ravikumar, MD; Robert Kane, MD; Blake Cady, MD; 
Roger L. Jenkins, MD; William McDermott, MD; Gary Onik, MD; 
Melvin Clouse, MD; Glenn Steele, Jr, MD, Boston 
The technical feasibility of cryoablation is established, 
but the results are difficult to determine from this study. 


Recognition and Clinical Implications of Mesenteric and Portal 


Vein Obstruction in Chronic Pancreatitis ............... 


Andrew L. Warshaw, MD; Gongliang Jin, MD; Leslie W. Ottinger, MD, Boston 


Narrowing and occlusion of the portal and superior 


mesenteric veins are not always due to pancreatic cancer. 


Pancreatoduodenectomy in the Management of Chronic Pancreatitis ......... 60-0: ss seee sere eres e sess essen 416 


Ricardo L. Rossi, MD, Burlington, Mass; 
Jan Rothschild, MD, Boston; John W. Braasch, MD; 


J. Lawrence Munson, MD; Stephen G. ReMine, MD, Burlington, Mass 


In most patients, pancreatoduodenectomy achieves long-term 


pain improvement and return to normal activities. 


Atresia of the Esophagus: 


New Trends in the Management of High-Risk Neonates .. 


Donald W. Hight, MD; George McGowan, MD; Judith Smith, MD; 
Gerald Kent, MD; Frederick Alexander, MD, Farmington, Conn 


Delayed reconstruction of esophageal atresia may improve 


mortality in high-risk patients. 


The Treatment of Complicated Appendicitis in Children: 


What ls the Gold Standard? ............. 0... ewe eens 


James R. Elmore, MD: Albert W. Dibbins, MD; Michael R. Curci, MD, Portland, Me 
A low incidence of complications was achieved by use of triple antibiotics, 


saline irrigation, and delayed primary wound closure. 


Adult Human Vascular Endothelial Cell Attachment and 


Migration on Novel Bioabsorbable Polymers ............. 


Jonethan E. Hasson, MD; Deborah H. Wiebe, MS; William M. Abbott, MD, Boston 


Future vascular prostheses should be fabricatec from 
materials that will support an endothelial lining. 


Neurologic Sequelae With Internal Carotid Artery Occlusion 


Glenn M. LaMuraglia, MD; R. Clement Darling, MD; 
David C. Brewster, MD; William M. Abbott, MD, Boston 


interna! carotid artery occlusion was frequently associated with 


ischemic attacks or strokes but did not adversely affect 
the results of contralateral carotid endarterectomy. 
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James T. Posillico, PhD; Richard E. Wilson, MD; 

Sri S. Srikanta, MD; 

George S. Eisenbarth, MD, PhD, Boston; 

Michelle Letarte, PhD, Elizabeth J. Quackenbush, PhD, Toronto; 

Vito Quaranta, MD, Shana Kajaji, PhD, La Jolla, Calif; 

Edward M. Brown, MD, Boston 
Abnormal calcium-related parathyroid hormone secretion may 
be due to a membrane defect. 


Combined use of antisecretory drugs and those that promote 
mucosa defense may be most effective for ulcer disease. 


Quality Care and Cost-effectiveness: 

An Organized Approach to Problem Solving 
Charles H. Nightingale, PhD; Judith Robotti, RN: 
Peter J. Deckers, MD; Philip D. Alimendinger, MD; 
Robert Lowe, MD; Henry B. C. Low, MD, Hartford, Conn 

Blood and blood product use was decreased in elective coronary 
artery bypass graft operations, which reduces costs. 


Management of Recurrent Pelvic Tumors ............... 
Peter N. Benotti, MD; Albert Bothe, Jr, MD; Robert C. Eyre, MD; 
Blake Cady, MD; William V. McDermott, MD; Glenn Steele, MD, Boston 

Complete resection was possible in 15 of 29 patients with 
regional tumor recurrence in the pelvis. 


Resection of Tumors in Irradiated Fields 
With Subsequent Immediate Reconstruction .......................................... 
Leonard B. Miller, MD; Glenn Steele, MD; Blake Cady, MD; 
Francis G. Wolfort, MD; Albert Bothe, Jr, MD, Boston 
Reconstructive flap procedures allowed resection of 
recurrent tumors in irradiated fields. 


Amino Acid Clearance in Cirrhosis: 
A Predictor of Postoperative Morbidity and Mortality 
Richard H. Pearl, MD; George H. A. Clowes, Jr, MD; 
Silvano Bosari, MD; William V. McDermott, MD: 
James O. Menzoian, MD; Wendy Love, MD; Roger L. Jenkins, MD, Boston 
A “low central plasma exchange rate” in cirrhotic 
patients was associated with increased mortality after 
shunts or other operations. 
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Clinical, Hemodynamic, and Anatomic Follow-up 
of Direct Venous Reconstruction............................ 
Thomas F. O'Donnell, Jr, MD; William C. Mackey, MD: 
Alexander D Shepard, MD; Allan D. Callow, MD, Boston 
Venous reconstructions by sapheno-femoral bypass or 
axillary vain valve to popliteal vein transplant were 
patent ard functional after two years. 
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David E. Marcello, Jr, DMD, MD, 

W. Bradford Patterson, MD, Boston; 

Peter J. Deckers, MD, Hartford, Conn 
The best candidates for this treatment are those with 
small, mobile, well-differentiated lesions. 


Management of the Urinary Tract Involved by Recurrent Cancer .. . 


Robert C. Eyre, MD; Peter N. Benotti, MD; Albert Bothe, MD; 
Blake Cady, MD; Glenn Steele, Jr, MD, Boston 


Relief of ureteral obstruction is said to provide palliation. 
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TPN isnt the only way 
to get TPN results. 
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Like TPN, VIVONEX’ T.E.N. i truly elemental for rapid return 
to positive nitrogen balance. 








In a controlled study of 20 major abdominal surgery patients on either TPN or 
VIVONEX T.E.N., the change im mean nitrogen balance was as follows’: 
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~ RRR Patients on TPN 


ME Patients on 
VIVONEX TE.N. 


GRAMS OF NITROGEN 
O -NOUR GN DN @ O 


Day 1 Day 2 Day 3 Day 4 Day 5 


VIVONEX* 





TEN The benefits of 

elie) We TPN, enterally... 
(TOTAL ENTERAL at a fraction 

ee NUTRITION) of the cost. 


1, Bower RH, Talamini MA, Sax HC. Norwich Eaton 
et al: Postoperative enteral vs parenteral Norwich:Eaton Pharmaceuticals, Inc 
nutrition: A randomized controlled trial Norwich New York 138150231 
Arch Surg 1986; 121: 1040-1045. © 1986 NEPI A Procter & Gamble Company 
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43% 


Cefobid™ 


active 
against 43% 
of isolates 





X55 156% 


Cefizox 
active 
against 56% 
of isolates 


Claforan’ 
active 
against 55% 
of isolates 





*Fortaz is a registered trademark of Glaxo Inc 
**Cefobid is a registered trademark of Pfizer Inc 
‘Claforan is a re egstere d trademark of Roussel-Uclaf 
**Cefizox is a registered trademark of Fujisawa SmithKline AASR FER 


against the B. fragilis group? 


94% 


Mefoxin 
active 
against 94% 
ofisolates 





Mefoxin ~. 
Cefoxitin Sodium | MSD 


The Bacteroides fragilis group includes B. fragilis, B. distasonis, B. ovatus, 
B. thetaiotaomicron, B. vulgatus. 

The percentages displayed are a weighted average of the susceptibilities 
reported for these organisms at an MIC breakpoint of 16 mcg/mL 

by the Antibiotic MIC Susceptibility Reports, National Summary, in 

The Bacteriologic Report: Volume | 1986, Totowa, NJ, BAC-DATA® Medical 
Information Systems, Inc. This average was weighted by the frequency 

of isolation of each organism. 


NOTE: /n vitro activity does not necessarily imply in vivo effectiveness. 


MEFOXIN is contraindicated in patients who have shown 
hypersensitivity to cefoxitin and the cephalosporin group of 
antibiotics. 


MEFOXIN is not active in vitro against most strains of 
Pseudomonas aeruginosa and enterococci (e.g., Streptococcus 
faecalis) and many strains of Enterobacter cloacae. 
Methicillin-resistantstaphylococci are almost uniformly resistant 





to MEFOXIN. 
MSD 
ERCK 
HARPs 
For a Brief Summary of Prescribing Information, please see following page. DOHM 
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e: Treatmeni—Serious infections caused by susceptible strains of the 
desi | eersin the following diszases: — 
LOWER RESPIRATORY TRACT INFECTIONS, inc'uding pneumonia and lung abscess, caused by 
Streptococcus pneumoniae (formerly Diplococcus pneumoniae), other streptococci (excluding 
enterococci, e.g., St ljani | ococcus aureus (penicillinase and non-penicillinase 
producing), Escherichia coli, Klebsiella species, Hemophilus influenzae, and Bacteroides 


Species. 
fp (po telly INFECTIONS. iy wt tract infections caused by £. coli, Klebsiella species 


roteus mirabilis, indo\e-positive Proteus (i.e. P morganii, P rettgeri, and P vulgaris), an 


Providencia species. Uncomplicated gonorrhea due to Neisseria gonorrhoeae (penicillinase 


and non-penicillinase producing). 
INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra-abdominal abscess, caused by 
E. an, Klebsiella species, Bacteraides species including the 8. fragilis group,§ and Clostridium 


species. 

GYNECOLOGICAL INFECTIONS, including endometritis, pelvic cellulitis, and pelvic inflamma- 

tory disease, caused by £. coli, N. gonorrhoeae (penicillinase and non-penicillinase producing), 

Bacteroides species including the 8. iragilis groun,§ Clostridium species, Peptococcus species, 

Peptostreptococcus species. and group B streptococci. 

SEPTICEMIA caused by Strep. pneumoniae (formerly D. pneumoniae), one. aureus (penicil- 

linase and non-penicillinase producing), E. coli, Klebsiella species, and Bacteroides species 

including the 8. fragilis group.§ 

Satine JOINT INFECTIONS caused by Siaph. aureus (penicillinase and non-penicillinase 
ucing). 

SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (penicillinase and non- 

penicillinase producing), Staph. epidermidis, streptococci (excluding enterococci, eg, Strep. 

faecalis), E. coli, P mirabilis, Klebsiella species, Bacteroides species including the B. fragilis 

group,§ Clostridium species, Peptococcus species, and Peptostreptococcus species. 

Although appropriate culture anc susceptibility studies should be performed, therapy may be 

started while awaiting these results. Cefoxitin is not active in vitro against most strains of Pseu- 

domonas aeruginosa anc enterococci (e.g., Strep. faecalis) and many strains of Enterobacter clo- 

acae. Mathicillin-resistant staphy!ecocci are almost uniformly resistant to cefoxitin. 

taal Previcus hypersensitivity to cefoxitin and the cephalosporin group of anti- 
cs. 


Warnings: BEFORE THERAPY ISINSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DE- 
TERMINE PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFOXITIN, CEPHALOSPORINS, 
PENICILLINS, OR OTHER DRUGS. GIVE WITH CAUTION TO PENICILLIN-SENSITIVE PATIENTS. 
ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEM- 
ONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. IF AN ALLERGIC REAC- 
TION TO CEFOXITIN OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 

Pseudomembranous colitis, from mild to life-threatening in severity, has been re- 
ported with virtually all antibiotics (including cephalosporins); therefore, itis im- 
portant to consider its diagnosis when diarrhea develops in association with 
anti use. Broad-spectrum antibiotics alter normal flora of colon and may permit over- 
growth of clostridia; a toxin produced by Clostridium difficile is a primary cause of antibiotic- 
associated colitis. Mild cases may “espond to drug discontinuance alone; in more severe Cases, 
management may include sigmoidoscopy, appropriate bacteriological studies, fluid, electrolyte 


_and protein supplementation, and ese of a drug such as oral vancomycin; isolation of the patient 


may be advisable. Other causes of colitis should also be considered. 

Precautions: Genera/—Total daily dose should be reduced in patients with reduced urinary out- 
put due to renal insufficiency because high and prolonged serum antibiotic concentrations can 
occur from usual doses. Prescribe with caution in patients with a history of gastrointestinal dis- 
ease, pona colitis. Prolonged use may result in overgrowth of nonsusceptible organisms; 
— ed evaluation of thepatient’s condition is essential. If superinfection occurs, take appropri- 
ale measures. 

Drug Interactions—increased nephrotoxicity has been reported following concomitant adminis- 
tration of cephalosporins anc aminoglycoside antibiotics. - 
Drug/Laboratory Test Interactions—High concentrations (>100 meg/mL) may interfere with 
measurement of serum and urine creatinine levels by the Jafié reaction and produce false in- 
creases of modest degree in creatinine levels rt ess haha ae should not be analyzed for 
creatinine if withdrawn within 2 hours oficefoxitin administration. High concentrations may inter- 
fere with measurement of urinary 17-hydro ticosteroids dy the Porter-Silber reaction and 
produce false increases of modest degres in fevelsreported. A false-positive reaction for glucose 
in urine has been observed with CLINITEST I! reagent tablets. . 

Carcinogenesis, Mutagenesis, Fertility mpairment—No long-term animal study has been per- 
formed on carcinogenic or mutagenic potential. Rat studies at approximately three times maxi- 
mum recommended human cosage revealed no effects on fertility or mating ability. 
Pregnancy Category B—Reproduction studies in rats and mice did not reveal teratogenic or fetal 
toxic effects, although fetal weights-were slightly decreased. In rabbits, cefoxitin was associated 
witha high incidence of abortion and maternal death, neither considered teratogenic. There are, 
however, no adequate and well-controlled studies in pregnant women. Because animal reproduc- 
tion studies are not always predictive of human response, this drug should be used during preg- 
nancy only if clearly needed. 1 

Nursing Mothers—Excreted in human milk: Exerc se caution. 

Pediatric Use—Safety anc efficacy in infants from birth to three months have not yet been estab- 
lished. In children three months andina ughet doses have been associated with increased inci- 
dence of eosinophilia and elevated SGOT. 

Adverse Reactions: The mos! common adverse reactions have been local reactions following 
intravenous or intramuscular injection. Other adverse reactions have been encountered infre- 
quently. Local Reactions—Thrombophlebitis with intravenous administration; pain, induration, 
and tenderness after intramuscular injections. nayi Reactions—Rash (including exfoliative 
dermatitis), pruritus, eosinophilia, fever, and other allergic reactions including anaphylaxis. Car- 
diovascular—Hypotension. Gastrointestinal —Diarrhea, including documented pseudomembra- 
nous colitis during or after treatment, and, rarely, nausea and vomiting. B/ooo—tosinophilia, 
leukopenia including granulocytopenia, neutropenia, anemia, including hemolytic anemia, 
thrombocytopenia, and bone marrow depression. A positive direct Coombs test may develop in 
some individuals, especially those with azotemia. Liver Function—Transient elevations in SGOT, 
SGPT, serum LDH, and serum alkaline ‘gate geo Renal Function—Elevations in serum creati- 
nine and/or blood urea nitrogen levels and, rarely, acute renal failure. 

Note: In group A beta-hemolytic sareptococcal infections, therapy should be maintained for at 
least 10 ae to guard against the risx of rheumatic fever or glomerulonephritis. In staphylococcal 
and other infections involving a collection of pus, surgical drainage should be carried out where 
indicated. Intramuscular injections should be well within the body of a relatively large muscle 
suchas the oe outer quadrant of tne buttock te gluteus maximus); aspiration is Le port to 
avoid inadvertent injection into a blood vessel. The total daily dosage in infants and children 
should not exceed 12 grams. 

How Supplied: Sterile cefoxitin sodium in vials.and infusion bottles containing 1 gram or 2 
grams cefoxitin equivalentand in 10-grem bulk botties, and in ADD-Vantage®* vials containing 1 
gram or 2 grams cefoxitin equival 


§ B. fragilis, B. distasonis, B. ovatus, B thetaiotaomicron, B. vulgatus M ot D 
Il Registered trademark of Ames Company, Division of Miles Laboratories, Inc. aA, the thea 
+Registered trademark of Abbott Laboratories, Inc. E 

For more detailed information, consult your MSD Representative H RG 
or see Prescribing Information. Merck Sharp & Dohme, 

Division of Merck & Co., INC.. West Point, PA 19466 J6MF49R (122) HM 
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International Medical Corps 
10880 Wilshire Bivd., Suite 2008 
Los Angeles, CA 90024 
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e first clinical use of a GORE- 
TEX® Vascular Graft was in 
1970; the first published paper, 1972. 

There are now over 250 pub- 
lished papers describing surgeons’ 
experience with GORE-TEX Vascu- 
lar Grafts. (That’s better than one 
paper every three weeks since we 
began. ) 

Since Eiseman’s pioneering 
paper (“A New Venous Prosthesis”, 
by B. Eiseman, M.D., Surgery 72: 
864-872, 1972; copyrighted by the 
C.V. Mosby Company, St. Louis, 
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Mo.), approximately 1,000 surgeons 
have reported, in independent 
studies, their experiences with the 
GORE-TEX Vascular Graft. 

These independent research- 
ers and clinicians report the autog- 
enous saphenous vein to be their 
preferred choice, in most cases. A 
growing number of surgeons are, 
however, reporting preferential use 
of the GORE-TEX reinforced 
expanded PTFE Vascular Graft, 
particularly in situations where it is 
deemed advisable to preserve the 
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Aeromonas hydrophila 
Alcaligenes spp. 
Bacteroides spp., 

including 

B. asaccharolyticus 

B. bivius 

B. disiens 

B. distasonis 

B. fragilis 

B. melaninogenicus 

B. ovatus 

B. thetaiotaomicron 

B. vulgatus 
Bordetella bronchiseptica 
Campylobacter spp. 
Citrobacter spp 
Clostridium spp., 

including 

C. perfringens 
Enterobacter spp. 
Escherichia coli 
Eubacterium spp. 
Fusobacterium spp. 
Gardnerella vaginalis 
Haemophilus influenzae 
Haemophilus 

parainfluenzae 
Hafnia spp., including 

H. alvei 
Klebsiella spp., including 

K. oxytoca 

K. pneumoniae 
Listeria monocytogenes 
Moraxella spp. 
Morganella morganii 
Neisseria gonorrhoeae 

(PCNase +) 
Nocardia spp. 
Pasteurella multocida 
Peptococcus spp. 
Peptostreptococcus spp. 
Plesiomonas shigelloides 
Propionibacterium spp. 

including P acnes 
Proteus mirabilis 
Proteus vulgaris 
Providencia rettgeri 
Providencia stuartii 
Pseudomonas aeruginosa 
Salmonella spp. 
Serratia spp., including 

S. liquefaciens 

S. marcescens 
Shigella spp. 
Staphylococcus aureus 

(PCNase +) 
Staphylococcus epider- 

midis 

(PCNase +) 
Streptococcus spp , 

including 

Group A streptococci 

(S. pyogenes) 
Group B streptococci 
(S. agalactiae) 
Group C streptococci 
Group G streptococci 


Group D streptococci, 


including entero- 
cocci (S. faecalis) 
Streptococcus 
pneumoniae 
Viridans streptococci 
Veillonella spp. 
Yersinia spp., including 
Y. enterocolitica 
Y. pseudotuberculosis 
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Contraindications: PRIMAXIN is contraindicated in patients who have 
shown hypersensitivity to any component of this product. 
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characteristic low toxicity of the beta-lactam group of antibiotics, periodic 
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alone), unscheduled DNA synthesis assay (PRIMAXIN), and in rivo 
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PRIMAXIN at dosage levels up to 8 times the usual human dose. Sbght 
decreases in live fetal body weight were restricted to the highest dosage 
level. No other adverse effects were observed on fertility, reproductive 
performance, fetal viability, growth, or postnatal development of pups. 
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when PRiMAXIN was administered to rats late in gestation. 


Pregnaney—Pregnancy Category C: Teratogenicity studies with cilastatin 
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respectively, showed no evidence of adverse effect on the fetus. No 2vi- 
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usual human dose. Similarly, no evidence of adverse effect on the fetus 
was observed in teratology studies in rabbits with imipenem at dosage 
levels at the usual human dose. 


Teratology studies with PRIMAXIN at doses up to 11 times the usual 


human dose in pregnant mice and rats during the period of major 
ogenesis revealed no evidence of teratogenicity. 


Data from preliminary studies Suggest an apparent intolerai 
PRIMAXIN (including emesis, inappetence. body weight loss, dia 
and death) at doses equivalent to the average human dose in pre 
rabbits and cynomolgus monkeys that is not seen in nonpregnal 
mals in these or other species. In other studies, PRIMAXIN was w 
erated in equivalent or higher doses (up to 11 times the average t 
dose) in pregnant rats and mice. Further studies are under way to 
ate these findings. 


There are, however, no adequate and well-controlled Studies in pre 
women. PRIMAXIN should be used only if the potential benefit ju 
the potential risk to the fetus. 


Nursing Mothers—It is not known whether this drug is excre 
human milk. Because many drugs are excreted in human milk, ci 
should be exercised when PRIMAXIN is administered to a nt 
woman. 


Pediatric Use—Safety and effectiveness in infants and children bel 
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Adverse Reactions: PRIMAXIN is generally well tolerated. Many | 
1,723 patients treated in clinical trials were severely ill and had mi 
background diseases and physiological impairments, making it di 
to determine causal relationship of adverse experiences to therapy 
PRIMAXIN. 
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he provision of health care to any organized group of 

humans is intimately tied to the winds of change that 
occur in the political and economic arena of that particular 
group. 

Africa is no exception to this broad generalization. Dur- 
ing the past quarter century, independence, although not 
necessarily liberty, has come to most of the nations of this 
vast continent that was, until 100 years ago, except for the 
coastal areas, aptly described by the term darkest Africa 
because of the lack of knowledge in western European 
countries of the history and culture of its peoples. 

Time and space preclude adequate review of the complex 
but fascinating history of the continent and both perspec- 
tive and detail will be limited to the area usually referred to 
as East Africa. 

This geographic entity encompasses the countries of 
Uganda, Kenya, and Tanzania and includes the magnificent 
Lake Victoria, from which emerges the headwaters of the 
River Nile as it begins its course of thousands of miles, first 
north, then west, and then meandering north again through 
the populated areas of the Sudan and Egypt to its ultimate 
destination, the Mediterranean. Volumes have been writ- 
ten about this river as it became of particular impertance to 
the western world when the African explorers of the 19th 
century were undertaking their incredible journeys in 
search of its source. In this sense, the Nile became a magnet 
for individuals such as Livingston, Stanley, Cock, Speke, 
Grant, Baker, and so many others whose indefatigable and 
repetitive wanderings led to the ultimate mapping of and 
vivid descriptions of the life in the interior. 

The political evolution of these countries varied consider- 
ably. The area in Uganda that borders on the River Nile and 
includes the capital, Kampala, and the airport city of 
Entebbe had an internal governmental structure under the 
kings of the Baganda tribe that antedates all recorded 
history of the area. In fact, East Africa as a whole, with the 
Olduvai Gorge, the Ngorogoro Crater, and other places 


Accepted for publication Dee 9, 1986. 

From the Department of Surgery, Harvard Medical Schooland the New 
England Deaconess Hospital, Boston. 

Read as the Presidential Address before the 67th Annual Meeting of the 
New England Surgical Society, Dixville Notch, NH, Sept 27, 1986. 

Reprint requests to New England Deaconess Hospital, 110 Francis St, 
Boston, MA 02115 (Dr McDermott). 


Arch Surg—Vol 122, April 1987 


where fossils and skeletons have been preserved, has given 
anthropologists a perspective on this particular geograph- 
ical section that, it has been speculated, represents the 
origins of the human primate. 

The territory referred to as Uganda, with its own self- 
government, came under direct rule by the British govern- 
ment as a protectorate after the area was opened up by the 
building of the railroad from Mombasa on the coast and the 
recognition that Jinje, a town near Kampala, is the outlet 
from Lake Victoria of the waters that ultimately become the 
Nile; credit for this discovery was eventually given to Speke 
and Grant after an enormous amount of disputation among 
the various explorers who were involved in the search. 
Neighboring Kenya developed under a more direct imperial 
control and existed as a colony of the British Crown. 
Because of its proximity to the eastern seaboard of Africa, 
of the railroad that connected its towns and cities to Lake 
Victoria and to the Protectorate of Uganda, and the escarp- 
ment that rises rapidly from the sea and gives it a temperate 
climate even in the areas directly contiguous with the 
equator, Uganda prospered from the late 19th century to 
the advent of Idi Amin in 1971. 

The third portion of this geographical entity is the 
country now known as Tanzania, which was formed by union 
between Tanganika, a German colony lost to Great Britain 
after World War I, and the Island of Zanzibar, which had 
been heavily colonized by the Arabs as a center for their 
commercial and slave trading activities on the continent 
itself. 

The objective of this report is to provide an overview of 
the health problems in East Africa and, in particular, to 
view the evolution of teaching, training, and practice of 
surgery as it might compare with our own more familiar 
North American system and problems. 

The theories and practice of Western medicine follow the 
flag, one might say, and were, of course, heavily influenced 
by Great Britain and the pioneers who came from that 
island to establish and develop a health care system in the 
protectorates and colonies of the British Empire. Accom- 
panying these pioneers were the Christian missionaries, 
many of whom felt that a major portion of their mission was 
to heal the sick and to provide health facilities where little 
semblance of such organized care had been available. 

Because of the fortuitous combination of a relatively 
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Aaa eee East Africa 

Male Female Both Sexes (In Order of Frequency) Both Sexes (In Order of Frequency) 
Lung (22%) Breast (27%) Lung Lymphosarcoma (Burkitt's) and 
Prostate (17%) Uterus and ovaries (18%) Colon and rectum reticulum cell sarcoma 
Colon and rectum (14%) Colon and rectum (16%) Breast Liver 
Urinary tract (9%) Lung (10%) Leukemia and urinary tract Kaposi's sarcoma 
Leukemia and lymphomas (9%) Leukemia and lymphomas (7%) Uterus and ovary Leukemias 
Oral (5%) Urinary tract (4%) Prostate Cervix, uterus, ovary 
Pancreas (3%) Pancreas (3%) Pancreas Breast 
All others (5%) Oral (2%) Oral All others 


All others (3%) All others 








stable native kingdom, a healthy economy based primarily 
on the export of coffee, and an excellent climate, the British 
found a superb environment in which to begin to develop a 
system of surgical teaching, training, and practice extend- 
ing through the whole area of East Africa. The University 
of Makerere and the associated Mulago Hospitalin Kampala 
were the central foei of education in East Africa. The 
towering figure in surgery in the post-World War II era was 
Ian McAdam, whose superb educational background, train- 
ing under Professor Lermonth, and wartime experience 
with the Eighth Army gave him a unique background for 
the development of surgery within the evolving health care 
system of Uganda and the extension of teaching and train- 
ing programs from Uganda to Kenya and Tanzania. 
McAdam’s associates, both blacks and whites who devel- 
oped under his tutelage, became the leaders and pioneers in 
surgery in this area and it was as a direct result of the 
fascinating publications of Denis Burkitt that the National 
Cancer Institute, Bethesda, Md, funded and developed the 
Uganda Cancer Institute, beginning in 1965 with the lym- 
phoma unit and rapidly expanding to include a solid tumor 
unit in 1967. The existence of this center of excellence in 
close association with the University of Makerere and the 
surgical staff of the Mulago Hospital under Sir Ian attracted 
a large number of Western physicians for whom this oppor- 
tunity to observe, study, and treat diseases that were 
almost totally unknown in North America or Europe was an 
extraordinary experience. 

At this point, it might be appropriate to bring this brief 
synopsis of the political and medical history of East Africa 
to a close with the sad finale to what had appeared to many 
of us to be a glorious and expanding adventure into new 
fields of disease study. 

The independence of Uganda was established in the mid- 
1960s with a democratically elected government, but, along 
with the economic and medical developments referred to 
above, there came a progressive deterioration in the politi- 
cal system. Tribal rivalries and fractional disputes brought 
about disorder in government and lead, as has occurred in 
so many of the new African states, to the assumption of 
dictatorial power, in this instance by an army general 
known as Idi Amin Dada. Initially, his advent on the 
political scene was reeeived with some relief and the first 
one or two years of his regime did seem to promise some 
stability. This rapidly collapsed, however, into a chaotic 
state characterized by anarchy, brutality, mass murders, 
and cruelty and horrors of a degree comparable with the 
disintegration and genocide that occurred in Nazi Germany. 

With this political disintegration came the rapid collapse 
of the Uganda Cancer Institute and the eviction of most of 
the politically educated blacks and whites from the country. 
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Altheugh the cultural and medical traditions continued in 
Kenya, this rather remarkable but brief era in Uganda 
ended. 

Attention will henceforth be focused in this report on the 
various unusual diseases that are of interest to surgeons in 
North America who have not had the opportunity to en- 
counter these problems in large numbers. 


CANCER 


There are innumerable health problems facing the sur- 
geon in Africa, but one of the major ones involves the forms 
of malignant disease that are so different from those found 
in US and so characteristic of the area that a comparison of 
cancer incidence provides a worthwhile introduction. 

In the Table, a type of comparison in cancer incidence 
between these widely separated areas is presented. This 
emphasizes striking differences in the various types of 
malignant disease that are encountered. Of course, public 
health data in Africa are such that one must accept the 
likelihood of statistical inaccuracy. Aside from this diffi- 
culty, there are innumerable other problems in developing a 
valid comparison. Despite the vast number of ethnic origins 
of the US population, cancer incidence, with some minor 
difference between the black and white races, is much the 
same throughout the country and among the various races. 
This is not true, however, of even a relatively limited 
geographic area such as East Africa, even though it is 
populated predominantly by blacks. For example, the inci- 
dence of types of cancer among the Nilo-Hamitic tribes of 
northern Uganda and Kenya tend to resemble the pattern 
seen in Sudan and Ethiopia rather than those observed in 
the southern tribes. These variants have been eliminated 
from the main theme, however, as have been the data from 
Zanzibar, the island segment of the Republic of Tanzania, — 
which is populated heavily by ethnic Arabs and has a 
different pattern of disease than that seen in other areas of 
the continent. 

The many striking differences are obvious from the Table 
and will be considered in separate sections. 


Burkitt’s Lymphoma 


Perhaps the major stimulus for the development of the 
Uganda Cancer Institute can be traced to the reports by 
Denis Burkitt’? on the peculiar form of malignant lym- 
phoma to which his name immediately became attached. 
This tumor, which attacks primarily children in Africa, was 
noted over 100 years ago by Sir Albert Cook when he 
described in his journals the fact that many of the native 
children in Uganda had large tumor masses about the face 
and jaws. A superb and extensive review of Burkitt’s 
lymphoma by Ziegler’ is available and a much more cursory 
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coverage of this unusual malignant disease will be given 
herein. Burkitt,'* in his studies both in Uganda and in the 
course of a rather extraordinary “tumor safari” throughout 
East and Central Africa, showed that the clustering af cases 
occurred in areas where the mosquito population was heavy 
and that, as the number of cases per unit of population 
thinned out, the age at occurrence increased.*° Clearly 
these observations suggested the possibility of a virus 
transmitted by a mosquito. The immunologic implieations 
of an inverse relationship between density of cases per unit 
of population and age at appearance appeared similar to 
those that occur with poliomyelitis. 

After similarities had been noted between the distribu- 
tion of yellow fever and Burkitt’s tumor in Africa, the 
mosquito hypothesis was given its greatest substance by 
Haddow, who defined climatic parameters for the great 
majority of Burkitt’s tumor cases in Africa, demonstrating 
that when case areas (1° squares) in Africa were mapped, 
99% of the cases occurred where the mean monthly mini- 
mum temperature exceeds 16°C (60°F) and the mean annual 
rainfall exceeds 50 cm (20 in). He then pointed out the 
biologic significance of these parameters in terms of mos- 
quitos and mosquitoborne arboviruses, referred to the 
peculiar age distribution of Burkitt’s tumor, followed this 
with a series of deductions based on the assumption that 
“should an arbovirus be involved,” and summarized these 
with the following statement: “there is thus a certain 
amount of evidence that Burkitt’s lymphoma syndrome 
could be due to a mosquito-borne virus infection occurring 
very commonly in man, the production of the characteristic 
tumor being a rare extreme response.” Finally, he drew a 
detailed parallel between the age incidence of Burkitt's 


» tumor and the development of immunity to a common 


arbovirus, ie, yellow fever in Bwamba. Of all the possible 
vectors, the malarial mosquito Anopheles indicates special 
promise for future work. 

Eventually, the Epstein-Barr virus (EBV) was recog- 
nized as having a close association with the presenee of 
Burkitt’s lymphoma’ and it is of particular interest that this 
virus is apparently identical to that isolated from cases of 
infectious mononucleosis in the United States.* In terms of 
occurrence of the disease, Burkitt’s lymphoma has been 
extraordinarily rare in the United States, with an annual 
recognized occurrence of only about 30 cases per year. 
Burkitt’s precise and extensive observations raised al! the 
questions of epidemiology, etiology, and immunology that 
have been referred to above and was the initiating facter in 
the establishment of the Uganda Cancer Institute, an 
enterprise that spread into studies concerned with other 
unusual types of malignant disease in Africa. 

The discovery of the EBV began a period of intensive 
research to establish a causal relationship, and the African 
patients were found to have significantly elevated antibody 
titers to a variety of EBV-determined antigens.’ Between 
80% and 90% of the tumors contained multiple copies of the 
EBV DNA genome.” Despite the intense studies confirm- 
ing the relationship of Burkitt’s lymphoma with the EBV, 
subsequent studies ruled out acute EBV infection as a 
proximate cause of Burkitt’s lymphoma. 

Thus, Ziegler emphasized that there were basically 
three concepts: (1) EBV is an innocent “passenger” coinci- 
dentally residing in a B cell that undergoes transformation 
by other causes; (2) EBV would be an indirect causative 
factor by increasing the number of specific cell types but 
would not necessarily be oncogenic of itself; or (3) immune 


Arch Surg—Vol 122, April 1987 


stimulation by chronic malaria might serve as a causative 
cofactor. 

Shortly after the recognition and descriptien of Burkitt’s 
lymphoma, the introduction of chemotherapy, particularly 
cyclophosphamide, demonstrated a remarkable effect on 
the tumor and subsequent combination chemotherapy suc- 
ceeded in increasing the overall long-term survival rate to 
over 50%.” 

It seems appropriate to close this brief survey of the 
extensive literature on Burkitt’s tumor with a reference to 
the report of a comparison to the apparently similar disease 
encountered sporadically in the United States. Ziegler and 
colleagues” presented the clinical and pathologic features of 
16 patients evaluated and treated at the National Caneer In- 
stitute. Each patient had lymphosarcoma that was histo- 
logically indistinguishable from Burkitt's tumer. Clinically, 
the American patients more commonly developed intestinal 
or ovarian tumors and bone marrow invasien, but they 
exhibited less frequent involvement of the jaws than their 
counterparts in Africa. In addition, the patients in the 
United States who contract this tumor, whieh is rare in 
North America, do not show the same incidence of long- 
term survival that is seen in the African counterpart. 


Kaposi’s Sarcoma 


The multicentric angiosarcoma that bears his name was 
originally described by Kaposi“ in 1872. His initial reports 
included five patients who had characteristic reddish blue 
to brownish lesions on their extremities that later spread to 
other areas of the body. Lymph node involvement was not 
characteristic of the cases described by Kaposi nor did it 
ordinarily appear in the later cases seen occasienally in the 
continental United States. Individuals with this disease 
were usually over 60 years of age and were primarily from 
Middle European countries. The incidence in North Amer- 
ica, however, was always sporadic and amounted to an 
estimated 20 to 30 cases per year; thus, these cases were 
considered as academic curiosities even in referral centers. 
A totally different situation, however, existed in East 
Africa, where the disease has been relatively common with 
an incidence estimated to be more than 150 times that seen 
in the western hemisphere.” 

In East Africa, however, the disease, while microscop- 
ically similar to the entity originally described by Kaposi 
and to the rare cases seen in the northern hemisphere, was 
considerably different in clinical and demographic oecur- 
rence. While cases were seen in the older age groups, the 
most common manifestation of the disease was in the 
younger age group, characteristically involved lymph 
nodes, and, in contrast to the rather indolent form in the 
elderly population, was disseminated and aggressive witha 
high early mortality. While the epidemiologic features were 
not exact, it did appear that the geographic distribution was 
somewhat similar to that seen in African Burkitt’s lym- 
phoma; the climatic occurrence, however, was not as im- 
pressive relative to altitude and rainfall as Burkitt had 
demonstrated with African lymphoma, but there are sev- 
eral other intriguing suggestions from specific surveys. For 
example, ina survey from the West Nile District of Uganda, 
Williams and Williams” pointed out that 28 patients with 
cases of Kaposi’s sarcoma recorded in their cancer registry 
all lived in or very near to those parts of the district where 
onchocerciasis was endemic. Since only a few of these 
patients with Kaposi’s sarcoma were infected with 
onchocerciasis, Williams and Williams” suggested that “it is 
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a possibility that Simulium fly might be involved in the 
etiology as a vector of an infectious agent.” This hypothesis 
was somewhat intriguing inasmuch as the Simulium fly 
was also endemic in the 19th century in the area of the bend 
of the Danube from which Kaposi drew his original patients. 
Further studies from other areas in East Africa, while not 
disproving the suggestion that the Simuliwm fly was in- 
volved in the etiology of Kaposi’s sarcoma, pointed out that 
the disease often occurs commonly in areas where this 
insect species does not exist. There is a high incidence in the 
Kikuyu tribe who lived, in general, in a high, cool country 
on the escarpment of East Africa, whereas other tribes 
from a warmer climate with a higher rainfall apparently had 
a somewhat lower incidence of the disease.” Thus, while 
intriguing etiologic and epidemiologic suggestions have 
been offered from studies in East Africa, there is too little 
consistency to substantiate any given hypothesis. It is true, 
however, that the African tumor is usually multicentric in 
origin, involves, under differing circumstances, the devel- 
opment of multiple nodules in the extremities, and is 
associated with early appearance in regional nodes and 
often with rapid death from intra-abdominal dissemination. 
These manifestations have been rare until recently in the 
United States and the age differential has been striking, 
with an affected population in the United States much older 
than the characteristic youthful Africans afflicted with the 
disease. 

This account of Kaposi’s sarcoma in East Africa would be 
only of passing academic interest to physicians in the 
United States were it not for the appearance of rapid 
dissemination ef the acquired immunodeficiency syndrome 
(AIDS) during the past few years in the United States. 
Coincident with the appearance of this disease, which has 
been seen predominantly in young male homosexuals, there 
has been a striking increase of concomitant Kaposi's sar- 
coma. Although prior to 1978 only scattered cases of Ka- 
posi’s sarcoma appeared in elderly patients, several hun- 
dreds of cases of the virulent type of Kaposi’s sarcoma have 
been reported in association with AIDS. Time and space 
precludes extensive discussion of this fascinating and dis- 
turbing disease, but the decreased ratio of T-lymphocyte 
helper to suppressor cells has been an associated phe- 
nomenon and has suggested that the development of this 
sarcoma was similar in pathogenesis to the development of 
lymphoma in immunosuppressed patients. This is hardly 
substantiated as yet, since the occurrence of other malig- 
nant tumors in AIDS has not been a common phenomenon. 
It has been suggested by Levy and Ziegler” that only this 
tumor appears because it is specifically a cancer of endo- 
thelial cells and the disease itself was characterized by 
angiogenesis factors that could induce the proliferation and 
transformation of endothelial cells into cancer. 

Although intriguing speculations are rife relative to 
AIDS, as they have been in relation to African Kaposi's 
sarcoma, there is no immediate and direct relationship that 
can be substantiated by existing demographic epidemio- 
logic and geographic observation. The isolation of a retro- 
virus from wild African green monkeys that is similar to the 
AIDS virus has raised a suspicion that the virus may 
recently have crossed the species barrier and infected 
humans.” Further epidemiologic data are accumulating 
from careful studies that have been initiated in central and 
western Africa, but at this point, it might be well to leave 
this fascinating subject and return to where there is a more 
direct surgical concern. 
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Primary Hepatocellular Carcinoma 


As ean be seen from the Table, primary hepatocellular 
carcinoma is one of the more frequent cancers occurring in 
East Africa. The studies reported by Alpert and col- 
leagues” defined a type of clustering of the particular tumor 
that immediately suggested a definable cultural, dietetic, 
or infectious agent as the responsible factor. One of the 
more intriguing hypotheses involved the concept that afla- 
toxins were formed by Aspergillus flavus; also, frequent 
contamination of grain supplies with Aspergillus flavus 
fungus was well documented. Experimental studies with 
aflatoxins have shown that these agents are capable of 
producing cancer of the liver in laboratory animals,”"* and 
an intriguing report” from the Great Lakes area of the 
United States indicated that the rainbow trout from the 
hatcheries developed a very high incidence of hepatoma 
when their feed became inadvertently contaminated with 
this fungus. Despite these coincidences in relationships, 
however, there is an equally strong suspicion that the 
prevalence of the hepatitis B virus and the development of 
posthepatitic cirrhosis is a major contributing factor to the 
prevalence of hepatoma.” This particular hypothesis is 
attractive because it could also be applied to the extraordi- 
narily high incidence of hepatocellular carcinoma in the 
Orient, where the hepatitis B virus and posthepatitic 
cirrhosis are also extremely common. More detailed dis- 
cussions of the epidemiology are available, but at the 
moment, it would appear that no single hypothesis seems to 
explain the frequency in East Africa of a malignant tumor of 
the liver that is, by comparison, rare in the United States, 
except in patients with advanced cirrhosis that usually is of 
the macronodular type. In alcoholic liver disease, the 
oecurrence of multifocal hepatocellular carcinoma has been 
recently associated with hepatitis B virus.” In the African 
tumor, only about one half of the cases are associated with 
any cirrhotic process and in only approximately one half of 
cases is there demonstrable occurrence of hepatitis anti- 
gen. Thus, there are reasonable speculations regarding the 
cause for this discrepancy between microscopically similar 
cancers in North America and East Africa, but no single 
definable conclusion seems applicable at the moment. 


Skin Cancer 


As in North America, skin cancers are the most common 
malignant tumors in all areas of East Africa,” constituting 
16.3% of the total cancers reported in Kenya, 15.2% in 
Tanzania, and 5.0% in Uganda. These data, if analyzed in 
depth, provide some interesting insights, since clearly the 
location and causal factors of epitheliomatas are quite 
different in Africa than in the United States. Primary 
eancers of the skin secondary to actinic radiation are rare 
and the frequent squamous cell carcinomas that do appear 
invariably arise in the scars of burns, trauma, and healed 
tropical ulcers. An unusual but tragic occurrence is seen 
when an albino is born to a rural tribe and is exposed to the 
same type of actinic radiation as his siblings and peers; 
under these conditions, there is invariably an early and 
rapid appearance of multiple and extensive skin carcinomas 
leading to death at an early age. 

Malignant melanoma, a relatively common cancer of the 
skin that occurs in North America, particularly among 
individuals of an Anglo-Saxon, Celtic, or Scandinavian 
ethnic origin, also appears in the African population but: 
with a completely different body distribution since in East 
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Africans malignant melanoma appears on the soles of the 
feet, the palms of the hands, and the subungual areas but 
rarelyin the portions of the epidermis where a high melanin 
production is obvious. Ugandan Africans have a particu- 
larly high iacidence of discrete areas of pigmentatien on the 
soles of their feet. The most significant type of pigment is 
the small, dlack, well-cireumscribed “spot” histologically 
appearing as a junctional nevus or lentigo. Therefore, it was 
postulated shat melanoma occurs commonly in the soles of 
the feet in Africans because of the high incidence of these 
premalignant “moles.” Because of the frequency of mela- 
noma en the soles of the feet, other explanations have been 
suggested, the most common being trauma associated with 
constant walking in bare feet. 


Breast Cancer 


Since cancer of the breast has an incidence in the United 
States at least three times higher than in Africa or Asia, a 
relationship between this cancer and the fat and fiber intake 
in the diet kas been suggested. A relationship between diet 
and estrogen excretion” may provide another link in this 
developing chain. This study on women with a regular diet 
compared with a group of vegetarians showed that the 
amount of estrogen in the feces of the vegetarian women 
exceeded by a factor of two or three the amount found in the 
control group; the vegetarians’ blood estrogen levels also 
tended to be lower. The association of breast cancer with a 
diet high in animal fat and low in fiber does seem to be very 
real from all the epidemiologic studies available, and it is of 
interest thac cancer of the colon, which will be discussed 
subsequently, also appears in cultural and epidemiologic 
studies to bear a specific relationship to dietary fat, fiber 
content, anc possibly the amount of ingested protein. 


Gastrointestinal Cancer 


The most significant epidemiologic difference between 
East Africa and North America in terms of gastrointestinal 
cancer, which forms such a high proportion of malignant 
disease in this country, relates to the occurrence of car- 
cinoma of the colon and rectum that is rare among tribes of 
African descent in Kenya, Uganda, and Tanzania. 

Hut and Burkitt have applied precise epidemiologic 
thinking to this problem and presented a convincing argu- 
ment that the high-fiber diet in the East African popula- 
tion, which is in such striking contrast to the averagediet in 
the United States, results in frequent bulky stoois that 
prevent a prolonged exposure of the colonic mucosa to 
ingested or 2ndogenously produced carcinogens. Recent 
studies emanating from the National Institutes of Health 
concerning diet and health tended to ascribe this difference 
to the high protein content of the diet in the United States, 
in contrast wth that of the average individual in Africa and 
Asia. Regardless of the reason for this striking discrepancy, 
there is clearly an etiologic message available that should 
lead to more Satisfactory control of this frequent cause of 
death in the Wnited States. In partial additional support of 
Hut and Burkitt’s hypothesis, it is interesting to note that 
diverticulitis. appendicitis and perianal and rectal diseases 
are very rare in the native African population, a fact that 
Hut and BurEitt also ascribed to the high fiber content of 
the diet. 

Gastric caneer, which is not common in Africa and whose 
incidence is decreasing in North America, does not stimu- 
late speculation because of any striking geographic differ- 
ence in occurrence and neither does esophageal cancer, 
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although there appears to be inexplicable localized eluster- 
ing of cases of esophageal cancer in Africa, as in many other 
areas of the world, which suggests but does not clarify a 
causal role for either hereditary or environmental! factors. 


OTHER SURGICAL DISEASES 
Schistosomiasis 


Parasitic infestations are common in East Africa, as they 
are in other emerging countries of Africa and Asia, but the 
one of most direct and significant surgical interest is that 
related to the endemic disease of schistosomiasis, the 
parasitic origins of which are traced to the rivers and 
streams of East Africa, as they are to the Nile in Egypt. 
Problems that come to the attention of the surgeon are not 
those related to the systemic effects of the parasitic infesta- 
tion, which can be rapidly lethal, particularly to westerners 
who are exposed massively to an initial infestation, but 
rather to the chronic aspects of the disease as it causes 
portal hypertension from fibrosis in the portal triad. It is 
imperative to realize that this form of portal hypertension, 
although intrahepatic in origin, is presinusoidal in hemo- 
dynamic characteristics. Thus, a portal systemic shunt 
constructed because of repeated and massive gastroin- 
testinal hemorrhages may be considered an acceptable 
definitive treatment in portal hypertension due to cir- 
rhosis, but it can be disastrous if applied to this type of 
portal bed block. Under these circumstances, a total shunt 
will result in a critical diversion to the major portion of the 
total hepatic blood flow that is still perfusing the liver via 
the portal vein. In this sense, the effects of the shunt in 
portal hypertension due to schistosomiasis may be similar 
to what is encountered if a direct portacaval shunt is carried 
out in the presence of a normal liver®™ and results. in 
progressive encephalopathy and liver failure. This prag- 
matic experience of surgeons dealing with portal hyperten- 
sion due to this parasite has led to an abandonment of the 
shunt in favor of some form of portal azygous disconnection. 
Whether or not the selective shunt described by Warren 
and associates” that permits (for a time, at least) continued 
perfusion via the portal vein would be applicable to the 
problems of schistosomiasis has been studied recently, with 
results favoring the selective shunt.” One would be con- 
cerned, however, that the gradual reestablishment of collat- 
erals from the high-pressure splanchnic circulation would 
ultimately lead to hepatic deterioration and encephalopa- 
thy, as has been seen with other types of shunts. Obvieusly, 
with increasing public health measures, this particular 
disease could be eventually eliminated, and the need for 
further surgical intervention could disappear. 


Burulli Ulcer 


This particular entity, seen primarily in the hospitals of 
Uganda, begins with one or more skin nodules that slowly 
but inexorably ulcerate and begin to undermine skin over 
extraordinarily wide areas contiguous with the original 
nodules. From this particular ulceration, Mycobacterium 
ulcerans has been cultured. Bacteriologically speaking, 
this organism is a close relative to the organism of leprosy. 
The entity is almost entirely limited to the West Nile area of 
Uganda, and it is believed that the organism is endemic in 
the cotton-growing areas. Be that as it may, during the 
short-lived period when medicine and health care were 
developing and flourishing in Uganda, a program was 
developed whereby trained technicians would visit the 
villages in the area of maximum infection and, using local 
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anesthesia, excise multiple skin nodules before they devel- 
oped into extensive undermining Burulli ulcer. One would 
presume that this program is completely defunct now and 
that the ulceration is again flourishing as a public health 
menace. Not only is the undermining nature of the infection 
an ultimate disaster for the individual in terms of chronic 
disability and debility, but epidermoid carcinoma often 
develops in these ulcers, as it does in other chronic infec- 
tions of this geographical area. 


Trauma 


There are similarities and differences between the 
trauma seen by surgeons in East Africa compared with 
those in North America. Automobile accidents have been 
estimated to occur ten times as frequently as in the United 
States, although the relatively limited number of vehicles 
available has prevented this highway carnage from reaching 
monumental proportions. 

Other injuries occurring in the “bush” country at some 
distance from modern medical care result in many unhealed 
ulcerations of the skin that have a high propensity over 
months and years to develop epidermoid cancer. These 
varied injuries present serious surgical problems in and of 





themselves, in addition to the malignant deterioration that 
is so ‘requently seen. 

Before the advent of Idi Amin, there was relative peace in 
Kast Africa in terms of any governmental conflicts; injuries 
from firearms were relatively rare, although injuries from 
more primitive weapons, such as spears and pangas, were 
common and often presented with severe and dramatic 
mani-‘estations. 


CONCLUSION 


These comparative observations between Africa and 
North America can lead to healthy speculation and, it is 
hoped, more specific documented observations relating to 
the etiology of the disease. When one finds such striking 
differences in terms of cancer occurrence, there are roads 
open for further study when political stability returns. 

As a geographical entity, the demise of Uganda as a 
funcciening nation led to waves of intellectual disintegration 
that spread throughout the area. The economic problems of 
Tanzania have precluded much medical cross-fertilization 
with the West, but this is occurring increasingly in Kenya at 
the Xenyatta and other hospitals and to a lesser extent in 
the major professional unit established in Lusaka, the 
capitol of Zambia. 
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è We utilized cryosurgery with Intraoperative ultrasound 
(IOUS) monhoring in ten patients to treat multiple unresectable 
hepatic metastases from colorectal carcinoma. The liver was 
exposed at aparotomy, and tumors were subjected to three 
cycles of freezing (eight minutes each) and thawing. Freezing 
was menitoved by IOUS, which visualized frozen tumor as a 
hyperechoic rim with posterior acoustic shadowing. Frozen 
normal! live appeared hypoechoic after thawing compared 
with normal unfrozen liver. There were no significant complica- 
tions. The follow-up ranged from four months to 17 months 
(median, 7.5 months). Tumor response was documented by 
pathologic findings (coagulative necrosis), progressive fall of 
carcineembryonic antigen levels, and computed tomographic 
scan eviderce of necrosis and shrinkage of tumor. One patient 
underwent sepeated laparotomy five months after cryosurgery 
and had the frozen lesions resected; there was no residual 
tumor. Thie study establishes the technical feasibility and 
antitumor msponse of hepatic cryosurgery and the use of 
IOUS for precise localization and monitoring of cryoabiations. 

(Arch Suag 1987;122:403-409) 


uring -he past two decades, significant knowledge has 
been gained about the natural history and treatment 
options of liver metastases from colorectal cancer.'* Over 
140 000 cases of colorectal cancer were diagnosed in 1986, 
and about 50 000 patients died as a result of carcinoma of the 
colorectum.’ About 25% of these recurrences oecur pre- 
dominantly in the liver. Surgery is currently the best 
therapeutic option, compatible with a 33% overall five-year 
survival rate in patients who undergo resection.** Most 
patients’ metastases to the liver are unresectable. Hepatic 
metastases are usually resistant to conventional systemic 
chemotherapy.” Despite the claims for higher response to 
infusion chemotherapy, randomized trials comparing intra- 
arterial with systemic chemotherapy have shown less fre- 
quent development of extrahepatic metastases in patients 
receiving systemic therapy and equivalent survival rates in 
the two sroups.”” No effective treatment is presently 
available for unresectable hepatic metastases. In situ 
destructien of tumor using cryosurgery is adopted for the 
treatmen’ of skin, rectal, prostatic, gynecologic, and head- 
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and-neck cancer.” Cryosurgery has recently been investi- 
gated as a nonsystemic treatment for metastatic and pri- 
mary tumors of the liver in experimental systems and in 
humans.” 

Major limitations in hepatic cryosurgery have been the 
difficulties in detecting and accurately treating the lesions 
in depth. Intraoperative ultrasound (IOUS) is very valuable 
for assessing the number and topography of metastatic 
lesions and their relationship to vital surgical landmarks of 
the liver.” It aids in staging and in determining the 
appropriate therapeutic strategy before hepatic surgery. 
Preliminary investigations have shown that ultrasonogra- 
phy can accurately delineate frozen tissue during cryosurgi- 
cal procedures.” In this study we explored the use of 
cryosurgery with IOUS monitoring for the treatment of 
multiple unresectable metastases from colorectal car- 
cinoma. 


MATERIALS AND METHODS 


With the approval of the New England Deaconess Hospital 
(Boston) Human Experimentation Committee, five patients with 
metastatic colon carcinoma to the liver were entered into the first 
phase of the study. The principal objectives of this part of the study 
were as follows: (1) to explore the feasibility and safety of eryoabla- 
tion of hepatic metastases, (2) to monitor the freezing aecurately 
by IOUS, and (8) to obtain pathologic correlation of the frozen 
tumors and normal liver. All patients had their lesions frozen and 
then resected by standard operative technique. All these patients 
had preoperative computed tomography (CT), ultrasound, and 
hepatic angiograms. All were determined to have resectable 
disease by the usual criteria. 

Exploratory laparotomy was carried out through a subcostal 
incision. Patients’ vital signs were monitored continuously. Visual 
inspection and palpation of the liver and peritoneal cavity was 
carried out to confirm the resectability of the hepatic lesion and to 
exclude extrahepatic metastatic disease. If further mobilization 
was necessary to obtain good visualization of and access to the 
lesion, the ligamentous attachments of the liver were released. The 
entire liver was surveyed for lesions using an IOUS unit (OR330, 
Technicare) and 5.0- and/or 7.5-MHz linear-array T- or I-configura- 
tion transducers. A sharp trocar cryoprobe 8 or 12 mm in diameter 
was then placed into the tumor under ultrasound guidance. Some- 
times, disc probes were used for surface lesions (Fig 1). The 
cryoprobe was driven by a cryosurgical system (CE4, Frigitronics 
Ine) that circulates liquid nitrogen through the cryoprobe at 
—196°C. A probe tip temperature of —160°C to —1I80°C was 
achieved by this system. After the correct position of the eryo- 
probe was confirmed by ultrasound, freezing was started and 
allowed to continue for eight minutes. During the freezing process, 
continuous ultrasound monitoring of the lesion was earried out. 
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Fig 1.—Cryoprobes of different sizes (largest, 12 mm in diameter) 
are shown. Sharp trocar probes are used for deeper lesions. Trocar 
or disc probes can be used for surface lesions. 


The frozen region was allowed to thaw and was rescanned. The 
lesion was then reseeted in the standard fashion and sent for 
pathologic examination. 

Subsequently, eight lesions in five other patients with meta- 
static colorectal carcinoma were cryoablated under direct ultra- 
sonic guidance using the same protocol, with the following excep- 
tions: (1) In these patients, three freeze-thaw cycles were 
accomplished in each lesion. (2) The lesions were not removed but 
were followed using several criteria (clinical examination, car- 
cinoembryonic antigen [CEA] levels, CT sean, ultrasound, and 
liver-function tests). In three of these five patients, cryosurgery 
was combined with resectional procedures, eg, cryoablation of 
tumor in the right lobe of the liver combined with left lobectomy for 
left-lobe metastases. 

Patients ranged in age from 36 to 73 years with a median age of 53 
years. Five patients were men and the five others were women. 


RESULTS 
IOUS Findings During Cryosurgery 


The purpose of this study was not to evaluate the role of 
IOUS in delineating liver metastasis, nor does the small 
number of cases lend itself to such an evaluation. However, a 
few points became apparent. Intraoperative ultrasound is 
more sensitive in detecting liver metastases than the other 
modalities, including intraoperative bimanual examination 
of the liver. In five of the ten cases, IOUS visualized one or 
more lesions undetected by preoperative CT scan, ultra- 
sound, and angiogram. In one patient, IOUS detected 
several 3- to 5-mm nodules in the substance of the right lobe 
of the liver (Fig 2). These nodules were not palpable and 
were not detectable by preoperative CT scan or ultrasound 
examination and were confirmed by biopsy specimens to be 
metastases. They were not visualized by serial CT scans 
until 12 months later. Most of the lesions detected by IOUS 
alone were deep in the right lobe of the liver. 

Intraoperative ultrasound was successfully used to guide 
the cryoprobe to the correct position within the hepatic 
lesion and to monitor the cryoablation. The extent of 
cryoablation was visualized in all cases as a hyperechoic rim 
with posterior acoustic shadowing emanating from the 
cryoprobe (Fig 3). This hyperechoic rim monitored the 
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freeze front as it advanced during the freezing process and 
as it receded during the thawing process. Each lesion was 
frozen for eight minutes; thawing of the frozen region took 
approximately 15 minutes. The largest ice ball generated 
using the 8-mm cryoprobe was approximately 3 em in 
diameter. Tumor that was frozen and thawed did not change 
in echogenicity, while frozen normal liver after thawing 
demonstrated decreased echogenicity compared with un- 
frozen liver. This allowed documentation of the extension of 
the freezing margin completely through the metastatic 
nodule and into normal liver (Fig 4). 


Postoperative Complications 


Cryoablations were carried out in all ten patients without 
complications. Intraoperative bleeding from the depths of 
the liver caused by the cryoprobe tract was easily controlled 
by five to ten minutes of pressure at the probe exit site. 
Transient elevations of liver-function levels (bilirubin, alka- 
line phosphatase, lactate dehydrogenase, and trans- 
aminases) and leukocyte counts were observed in patients 
who underwent combined cryoablation and resection. A 
right-lobe subphrenic abscess developed in one patient who 
underwent right hepatic lobectomy and freezing of a left- 
lobe nedule. The abscess was related to the resection. This 
was drained uneventfully under CT guidance. None of these 
complications were observed in patients who were sub- 
jected to cryosurgery only. 


Pathologic Correlation of Cryoablation 


The gross morphologic findings of frozen normal liver 
(darker, red-brown, and softer) were distinct and well 
demareated from those of unfrozen normal liver. There was 
no such clear demarcation of the tumor into frozen and 
unfrozen areas. Microscopically, there was a clear delinea- 
tion ef both the tumor and the normal liver into frozen and 
unfrozen zones (Fig 5, left and right). The frozen liver 
showed areas of coagulative necrosis with nuclear pyknosis. 
The cytoplasm had a fuzzy, granular appearance with 
indistinct cell borders. Even after one freeze-thaw cycle, 
the tumor showed definitive changes of necrosis with cyto- 
plasmic changes and loss of nuclear detail. In one patient 
(patient 6), two lesions in the right lobe of the liver were 
frozen. One of these lesions, located laterally in the right 
lobe, was cryoablated using three freeze-thaw cycles. The 
second lesion, high in the dome of the liver, could not be 
frozen completely due to technical problems associated with 
access using the straight probe. Five months later, the 
patient underwent reexploration for resection of these 
lesions. The completely frozen tumor demonstrated focal 
collapse of the subcapsular architecture with mild diffuse 
fibrosis, and there was no evidence of residual tumor 
(Fig 6). The second, incompletely eryoablated tumor 
showed focal fibrosis in the areas previously frozen, with 


residual metastatic adenocarcinoma in the unfrozen zones. 


Six months later, this patient was disease free. 
Tumor Response to Cryoablation 


The follow-up ranged from four to 17 months with a _ 
median of 7.5 months. These results are preliminary, and, 
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Fig 3.—Intraoperative ultrasound during 
cryoablation. Freeze front is shown as hy- 
perechoic rim with posterior acoustic shad- 
owing. 





Fig 4.—Intraoperative ultrasound after 
freeze-thaw cycle. Note cryoprobe in middle 
of tumor, disappearance of posterior acous- 
tic shadowing on thawing, and clear demar- 
cation of frozen areas. Arrow indicates 
frozen margin. 


Fig 2.—Several 3- to 4-mm lesions detected by intraoperative 
ultrasound in patient 2. These were not detected by preoperative 
studies (camputed tomographic scan, ultrasound, and angiogram) 
or intraoperative palpation. They were confirmed to be metastases 
by biopsy specimens and serial computed tomographic scans 12 
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months later. 


hence, ary conclusions about ultimate survival are not 
meaningful. A detailed summary of the treatment and 
follow-up “or all ten patients is provided in the Table. The 
goal of ths study was to ascertain the technical feasibility 
and antitumor response of cryosurgery for application in 
patients with unresectable colorectal metastases to the 
liver. Therefore, despite residual disease, attempts were 
made to freeze dominant lesions in some patients to evalu- 
ate the tumor response of frozen compared with unfrozen 
lesions. Ir general, the results were dependent on whether 
there was gross untreated residual disease left behind at 
the time of hepatic cryosurgery (Table). The tumor re- 
sponse of she in situ frozen lesions was demonstrated by a 
progressive fall in plasma CEA levels over several months 
and CT evidence of necrosis and shrinkage of the tumor. 
Postoperatively, external ultrasound examination of the 
liver is dfficult to perform and interpret for up to six 
months. Hence, only CT scans were obtained, at approx- 
imately taree monthly intervals, until six months after 
cryoablatin. Thereafter, both ultrasound examinations 
and CT scans were obtained to correlate the findings during 
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the follow-up. As early as five to seven days following 
eryoablation, CT scans showed evidence of necrosis and, 
sometimes, gas bubbles in the lesions (Fig 7). Thereafter, 
there was a gradual shrinkage of the frozen tumor over a 
period of several months. Even in the context of progressive 
lesions in other areas, the frozen lesions remained stable or 
continued to shrink (Fig 8). 

Serial estimations of plasma CEA levels are useful not 
only in detecting liver metastases after primary colon 
tumor resection but also in the follow-up after the treat- 
ment of liver metastases. In nine of ten patients, the CEA 
levels were high prior to the treatment and were very 
sensitive indicators of recurrence. When the patients were 
grouped on the basis of residual disease following cryosurg- 
ery (with or without resection), all the patients with evi- 
dence of gross untreated residual tumor had a progressive 
rise or plateauing of CEA levels (Fig 9). In one patient, the 
levels returned to normal following resection of a partially 
frozen metastasis during repeated laparotomy. Figure 10 
represents the CEA response in patients without evidence 
of gross residual disease. In one of these patients, elevation 
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right (V) contiguous with frozen tumor at left (N). Frozen tumor is necrotic, with cytoplasmic changes and loss of 
nuclear detail (hematoxylin-eosin, original magnification x 175). 


in CEA levels predated the CT evidence of recurrent liver 
metastasis by two months. Similarly, in another patient, a 
gradual rise in CEA levels over a period of several months 
led to the discovery of lung metastasis. Following resection 
of the lung metastasis, this patient is now disease free with 
normal CEA levels. 

The standard liver function tests are helpful in cor- 
roborating the diagnosis of recurrence but not as useful as 
CT sean, ultrasound, or CEA levels for early detection. 


COMMENT 


This study demonstrates the technical feasibility and 
antitumor response of hepatic cryosurgery and the use of 
IOUS for the precise localization and monitoring of the cryo- 
ablations. Pathologic correlation of the cryoablated lesions 
demonstrated short- and long-term changes of complete 
tumor destruction. Intraoperative ultrasound is extremely 
useful to accurately localize the cryoprobe into the lesions and 
to monitor the freeze front. The tumor response of the frozen 
lesions left in situ can be followed up by CT scans, ultrasound 
examination, and plasma CEA level determinations. 

Experimental studies in dogs have demonstrated the 
feasibility of freezing large areas of liver without significant 
side effects or abscesses.” Large blood vessels tolerate 
freezing extremely well without rupture or occlusion, pre- 
sumably due to the dissipation of thermal energy by blood 
flow.” In hepatic cryosurgery this phenomenon allows the 
freezing of tumors in technically difficult locations, such as 
the confluence of hepatic veins. 

Experimental studies using Walker carcinomas in rats 
have shown statistically significant increases in survival 
rates in a cryosurgery group when compared with a resec- 
tion group or controls.” Clinical experience with cryosurg- 
ery for liver tumors is sparse. Walzel™* reported the use of 
cryosurgery in 84 patients with carcinomas in various parts 
of the body. He concluded that cryosurgery was superior to 
the conventional management of tumors in the liver, pan- 
creas, and mesentery and iliac regions. However, an accu- 
rate description of the response of liver tumors to cryosurg- 
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cryoablation. Collapse of subcapsular architecture is apparent, with 
diffuse fibrosis and absence of residual tumor (hematoxylin-eosin, 
original magnification x 175). 


ery and survival figures was not provided in this study. 
Zhou et al” described 35 patients with hepatocellular 
carcinema treated in China by cryosurgery with the one-, 
two-, and three-year survival rates of 55.5%, 24.3%, and 
10%, respectively. The survival rates were much higher 
than those for other conservative treatment with Chinese 
medicinal herbs or for chemotherapy. The five-year survival 
rate of patients with tumors smaller than 5 em was 12.5%. 
These authors used flat surface probes for cryosurgery and 
used thermocouples and visual monitoring to assess the 
cryosurgical lesion. Since this method does not assess the 
depth and margins of freezing accurately, the results may 
not hare been optimal. 

Hepatic cryosurgery has been monitored in the past by 
thermocouples and CT.” Since the tumor and the freezing 
margirs may be irregular, the use of thermocouples to 
moniter only a few points is inadequate. Intraoperative 
ultrascund is a new application of ultrasound imaging that 
has resulted from the development of real-time instru- 
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Clinical Summary of Cryosurgical Treatment and Follow-up of the First Ten Patients With Colorectal Cancer Liver Metastasis* 





Follow-up 





Residual 
Patiert No. Treatment Disease Duration, mo Tests 


Left lobe: one lesion frozen, left lobectomy, No 17 CT, CEA Recurrence in liver, abdomen, lymph node, 
right lobe: one lesion excised and mediastinum at 17 mo; rise in CEA 
level; chemotherapy startec 


2 Left lateral segment: one lesion frozen, US, CT, CEA Rise in CEA level at 6 mo, two lesions 
segmentectomy; right lobe: several 3- to resected in right lobe, further 

4-mm lesions suggestive of metastasis progression at 13 mo, tumor necrosis 
seen by IOUS factor protocol started 


3 Right lobe: multiple lesions, one lesion No Rise in CEA level at 7 mo, lumg metastasis 
frozen, right hepatic lobectomy resected, CEA level normal, no further 
recurrence 






Status and Follow-up Treatment 































































Right lobe: single lesion frozen, right Gradual drop in CEA level, disease free 


hepatic lobectomy 


5 Bilobar lesions; right lobe: one lesion Yes 7 LFT Admitted to hospice after hepatorenal 
frozen and excised, continuous infusion failure 

pump 

Bilobar lesions; left lobe: metastasis Yes 11 CEA, US, CT Rise in CEA level and persistent stable 

resected; right lobe: two lesions frozen, lesion on CT, previously and partially 

one partially frozen lesion resected, CEA level 

normalized, disease free 

































7 Bilobar lesions; left lobe: one lesion frozen; CT, CEA Rise in CEA level, stabilization of frozen 
right lobe: hepatic artery catheterization lesion on CT, appearance of new lesion 
for multiple lesions 
















8 Multiple bilobar lesions; left lobe: one Yes 7 CT, CEA Plateauing of CEA level, asymptomatic, 
lesion frozen; right lobe: one lesion stabilization of frozen lesions on CT 
frozen 







Bilobar lesions; right lobectomy; left lobe: 6 CT, CEA Drop in CEA level, plateauing of CEA evel 
two lesions frozen at 6 mo, two possible lesions on CT, 














second look planned 
10 Bilobar lesions; left lobectomy; right lobe: CT, CEA CEA level normal, decreased size of 
cryoablation of tumor frozen tumor on CT 





*CT indicates computed tomography; CEA, carcinoembryonic antigen; IOUS, intraoperative ultrasound; US, ultrasound; and LFT, liver function tests. 


mentation. It is being used extensively in neurosurgery to has its limitations. Access to lesions high m the right lobe 
localize brain and spinal-cord lesions.®*” In abdominal requires extension of the incision into the chest or complete 
surgery, IOUS has several applications: detection of renal mobilization of the liver without the availability of appropri- 
and kiliary calculi, delineation of hepatic obstruction and ately angled probes.” The use of an 8-mm cryoprobe limits 
ductal dilatation, detection of pancreatic tumors, localiza- the freezing volume to a diameter of 3 cm. The freezing of 
tion ef occult hepatic lesions, and assessment of the vascular larger lesions requires multiple probe placements, which 
system both before and after surgery.” In the management 
of hepatic tumors, IOUS has been invaluable for the follow- 
ing: A) demonstrating tumors as small as 2 to 4 mm, which 
are eccult by conventional imaging techniques and palpa- 
tion, (2) defining the anatomic location of major in- 
trahepatic structures, (3) accurate placement of the cryo- 
probe into tumors, and (4) monitoring of the freezing 
margin during cryosurgery for metastatic and primary 
tumors. Intraoperative ultrasound assures complete freez- 
ing of the tumor and consequently minimizes the destruc- 
tion of normal liver tissue. 

While the physical effects of subzero temperatures are 
the predominant cause of tumor necrosis and favorable 
results, immunologic response due to the release of altered 
tumor antigens has been invoked to explain the tumor 
response in untreated lesions in the same host.” This was 
corroborated by many experimental studies in which un- 
treated, distant lesions shrank as a result of the treatment 
of different lesions in the same host, and by monitoring 
humoral and cell-mediated responses following the treat- 
ment 





Fig 7.—Computed tomographic scan of liver five days following 
AN f l ; cryosurgery. Evidence of necrosis and gas bubbles is seen in frozen 
Despite the therapeutic potential, hepatic cryosurgery lesion. 
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Fig 8.—Computed tomographic scans of frozen tumor (arrows) in right lobe of liver one (left) and three (right) 
months following cryosurgery. Frozen lesion shows shrinkage despite progressive lesions in other areas of liver. 
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Fig 9.—Plasma carcinoembryonic antigen levels in patients with 
gross untreated disease after cryosurgery. Mets indicates metas- 
tases; CT, computed tomography; and TNF, tumor necrosis factor. 


significantly prolongs operation time. At present, cryosur- 
gery is limited to the treatment of patients with four or 
fewer surgically unresectable metastases. The develop- 
ment of new cryosurgical instrumentation will allow freez- 
ing of larger lesions or multiple small lesions simulta- 
neously. 

Hepatic cryosurgery may be applicable to various hepatic 
tumors other than celorectal metastases. Cryosurgery has 
been used therapeutically for hepatocellular carcinoma.” 
Significant palliation of functioning metastases from vari- 
ous endocrine tumors may be possible by cryoablation. 
Selected liver metastases from various other tumors, eg, 
melanoma, could potentially be considered for management 


by cryosurgery. 


The authors acknowledge the expert manuscript preparation by Suzanne 
Denault. 
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Fig 10.—Plasma carcinoembryonic antigen levels in patients with 
no gross residual disease at conclusion of cryosurgery. Mets 
indicates metastases; CT, computed tomography; and Met, metas- 
tasis. 
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Discussion 


Ronan A. Matt, MD, Boston: Although we have lost. none of 
our enthusiasm for resecting metastases, we have been removing 
fewer of them. The reason is the advent of magnetic resonance 
imaging (MRD. Computed tomographic scan and ultrasound some- 
times show a finite and resectable number of lesions when MRI 
discloses mu'tiple lesions. Multiple lesions contraindicate any 
operatien. So while IOUS is more sensitive than the usual studies, 
it is not as sensitive as MRI. One might be left with a lot of occult 
metastatic disease after the apparent metastases have been re- 
sected. 

RICEARD =. Witson, MD, Boston: We should congratulate Dr 
Ravikumar and his colleagues for bringing us this interesting new 
technology and showing us how we can apply it to surgical practice. 

Obviously, there are many questions to be asked: What is the 
maximum size ef tumor that can be treated successfully with this 
technique? Eow deeply within the liver can one safely carry out the 
cryosurgery? How much of a rim of normal liver does one want to 
freezearound a tumor if one is not going to remove that portion of 
the liver thet contains the frozen tumor? Is it best to freeze and 
then resect er to freeze and leave the destroyed tumor? You did the 
latter mostly in patients who were inoperable, ie, patients who had 
multiple lesions and were not candidates for resection. The best 
results, accerding to the Table, occurred when you froze and then 
resected. However, it seems to me that one of the real considera- 
tions is whether a surgeon can safely freeze the lesion and leave it 
in sita wita this technique. This is especially important for a 
central lesion that would require an extensive resection. What 
about percutaneous freezing? Is that something for the future? 

Finally, what about nonmetastatic lesions—primary hepa- 
tomas, choiangiocarcinomas, Klatskin tumors? Also, what about 
the bile duct and its relationship to freezing—is that a limiting 
factor? 

Mertin Apson, MD, Rochester, Minn: Tomorrow I will con- 
sider what-we do and do not know about treating hepatic metasta- 
ses surgicelly and will emphasize the need for better remedies. 

We have gene about as far as we can go with crude anatomic 
solutions to 2 complex biological problem. Cryosurgery has value 
and appea over resective surgery only if it ean destroy tumor that 
cannot safely be taken out—or if cancer can be frozen to death 
more easily and more gracefully than it can be cut away. 

Having taken out more big parts of people’s livers than I ever 
thought I would, I am convinced that hepatic resectionis, at times, 
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a difficult, messy, and risky business—and I will welcome any 
substitutive ablative technique that might be used with ease. 

I want to ask what seems to be a most important question when 
getting clear, tumor-free resective margins beyond a liver metasta- 
sis is such an essential goal—and when peelinga tumor off a major 
portal or hepatic vein invites seeding or cells tobe left behind. I am 
heartened to hear that the walls of veins may be protected from 
freezing by the warm blood that flows within, but what abeut bile 
ducts that may run close to the tumor’s periphery? Can they also be 
frozen along with the offending tumor and not be damaged? 

Dr RAVIKUMAR: I thank Dr Wilson and the other discussants for 
their comments. Currently, we treat lesions up to 3 to 4 mm using 
8- and 12-mm probes. For the treatment of larger lesions, raultiple 
probes and newer probe designs for faster dissemination of the ice 
ball are being investigated. The use of IOUS makes it safe to treat 
lesions at depth with precision. I have shown you one example in 
which a lesion located within the confluence of the major hepatic 
veins was treated successfully without any damage to the major 
vessels. We treat a few millimeters of the normal liver around the 
tumor for the following reasons: (1) to ablate microscopic disease 
and (2) to ensure the completeness of cryofreezing. 

I agree with Dr Wilson that patients who had no residual disease 
(ie, tumor frozen and resected) had the best results. However, in 
the group of patients in whom the cryoablated lesions were left in 
situ, two patients were disease free at eight and ten months, with 
tumor response documented by CT scan and CEA levels. 

The usefulness of cryosurgery, in our estimation, is in a small 
subset of patients who have no more than three or four lesions that 
are not resectable due to anatomic location or the proximity of 
major vessels. Primary tumors and secondary tumors frem dispa- 
rate primary sites, including functioning endocrine tumors, may be 
amenable to cryosurgery. Percutaneous freezing is being ad- 
dressed in experimental systems. 

In answer to Dr Adson’s question, the hepatic veins, portal veins, 
and the hepatic artery are spared the effects of cryosurgery 
because of flow-assisted thermal conduction. Bile ducts probably 
would be susceptible to form strictures if frozen. The use of IOUS 
allows us to stay away from the large-caliber bile ducts. 

In response to Dr Malt’s question, I do not know of any trials that 
compare IOUS with MRI. Magnetic resonance imaging is ob- 
viously going to be superior, but IOUS is currently the best 
intraoperative option available to us. 
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Recognition and Clinical Implications of 


Mesenteric and Portal Vein Obstruction in 


Chronic Pancreatitis 


Andrew L. Warshaw, MD; Gongliang Jin, MD; Leslie W. Ottinger, MD 


e While splenic vein obstruction is a well-described feature 
of chronic pancreatitis, analogous occlusion of the superior 
mesenteric and/or portal veins (SMV-PV) has not been appreci- 
ated. We present 14 instances of SMV-PV obstruction in pa- 
tients with proved chronic pancreatitis without cancer. Portal 
hypertension was first suspected because of variceal bleeding 
(4/14) or unexpected varices at laparotomy (10/14). The an- 
giographic appearance mimicked that of pancreatic cancer. 
The splenic vein was also occluded in eight of the 13 patients 
who had angiograms. The liver was normal in all 14 cases. The 
Clinical importance of SMV-PV occlusion in chronic pan- 
creatitis lies ir (1) its presentation by variceal bleeding, (2) the 
probable necessity for nonshunting means of control for 
bleeding varices, (3) the increased difficulty of operations on 
the pancreas because of portal hypertension, and (4) the 
possible confusion with pancreatic cancer. 

(Arch Surg 1987;122:410-415) 


re of the splenic vein as a consequence of chronic 
pancreatitis has been recognized with increasing 
frequency,” particularly in patients with long-standing 
disease and in those with pancreatic calcifications.’ The 
resulting left-sided pertal hypertension may lead to bleed- 
ing gastric and esophageal varices, %24 

Like the splenic vein, the superior mesenteric and portal 
veins (SMV-PV) pass through the pancreatic substance and 
should be at risk from the same factors that cause splenie 
vein occlusion in inflammatory pancreatic diseases. N one- 
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theless, two recent major reviews of splenic vein occlu- 
sion” barely allude to the possibility, and we could find the 
reports of only six patients with mesenteric-portal venous 
obstruetion associated with chronic pancreatitis.» 

In a period of 12 years, we have encountered 14 patients 
with chronic pancreatitis who had obstruction of the portal 
and mesenteric veins. The recognition of this phenomenon, 
its clinical consequences, and differences from isolated 
splenic vein obstruction are the subjects of this report. 


PATIENTS AND METHODS 


Fourteen patients treated by us at the Massachusetts General 
Hospital, Boston, between 1974 and 1986 constitute the basis of this 
study. In addition to the clinical course, routine laboratory tests, 
and ultrasound and computed tomographic (CT) scans, the diag- 
nosis of chronic pancreatitis was confirmed in each case by endo- 
scopic retrograde pancreatography and examination of the pan- 
creas at operation. Pancreatic tissue was diagnostic in the 12 cases 
in which it was obtained. In no patient was pancreatic cancer 
found, nor has cancer subsequently occurred. In only one patient was 
a pseudocyst present in the head of the gland. The liver appeared 
normal at operation in all 14 cases, and was normal histologically in all 
of ten cases in which biopsy specimens were obtained. 

Supericr mesenteric and/or portal vein obstruction was proved 
by selective superior mesenteric angiography in 13 of the 14 
patients and by operative findings (periportal and periduodenal 
varices) in one who had presented with variceal bleeding. Splenic 
arteriography was used concomitantly to evaluate the splenic vein. 


RESULTS 


The 14 patients in this study all presented for medical 
attention with abdominal pain caused by chronic pan- 
creatitis. All were men, with a median age of 43 years. 
Eleven were known alcoholics. The duration of symptoms 
before diagnosis of SMV-PV obstruction was one to 18 years 
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Table 1.—Special Features Associated With Superior Mesenteric and/or 


Portal Vein Occlusion in Chronic Pancreatitis 





Clinical Esophagogastric Splenic 
Gastrointestinal Varices Varices Vein Other 
Patient Bleeding (Endoscopy) (Angiography) Ascites Occlusion Complications* 


— 


Ola; Ajon 


es Yes Yes Yes Yes PD, BD, DS 
es Yes Yes Yes No BD, PS 
PD 


No No Yes No Yes 
Yes Yes ony No shake PD, BD 


o;oaoimn 


11 N 


13 No Yes l Yes No No D 
14 No No Yes No No PD, BD. PS 


*PD indicæes dilated pancreatic duct; BD, intrapancreatic bile duct obstruction; DS, duodenal stenosis; and PS, pseudocyst. 





Fig 1.—Cemputed tomographic scan in case 9. Large cluster of 
varices in Dorta appears as calcified mass (arrows). 


(median, eight years). Pancreatic calcifications were pres- 
ent in nine of 14 cases. Liver disease was absent, as docu- 
mented by gross inspection (14 cases) and liver biopsy speci- 
men (10/30). External surface evidence of portal hyperten- 
sion (eg, caput medusae) was not evident in any patient. A 
summary of additional pertinent details is given in Table 1. 

Ir this study, varices were detected in barium swallow 
examination in only one of 14 cases and by endoscopy in five 
of 14 cases. Four of those five had already bled from the 
varizes. Īn ene case, a CT scan showed a periportal “tumor” 
that turned out to be a nest of varices (Fig 1). 

Tne venous phase of the superior mesenteric arteriogram 
in 18 cases showed a high-grade portal vein stenosis in 
one case(Fig 2) and SMV-PV occlusion or both in 12 cases 
(Fig 3), with surrounding retroperitoneal varieeal collat- 
erais (Fiz 4). The appearance was repeatedly interpreted as 
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Fig 2.—Mesenteric angiogram in case 8. Marked stenosis (arrows) 
is present at junction of superior mesenteric and portal veins. 


consistent with pancreatic cancer by our radiologists. Con- 
comitant splenic vein occlusion was demonstrated by celiac/ 
splenic angiography in eight cases (Fig 5). and the vein was 
patent in five cases (Fig 6). 

We estimate that SMV-PV occlusion has been found in 
approximately 5% to 10% of our surgically treated chronic 
pancreatitis population during this perioc. Four of the first 
six patients were recognized because of bleeding 
esophagogastric varices. Subsequent patients were identi- 
fied because of a raised index of suspicion when prominent 
periportal and periduodenal varices were encountered at 
operation (seven patients) or when varices were noted 
during endoscopy (one patient). With the latter exception, 
the diagnosis of SMV-PV occlusion was missed preopera- 
tively in the absence of variceal bleeding. 

These 14 patients required a total of more than 40 
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Fig 3.—Mesenteric angio gram in case 3. Note blunt termination of 
superior mesenteric vein (arrow) at junction with portal vein. Splenic 
vein is also occluded. 


Fig 4.—Mesenteric angiogram in case 9. Portal vein ends (arrow) in 


large cluster of varices that fill porta. 


point of entry into pancreas (arrow). 


operations for the cemplications of chronic pancreatitis, 
including pancreaticojejunost omy (nine patients), biliary- 
enteric bypass (eight patients), distal pancreatectomy (four 
patients), and pancreaticoduodenectomy (one patient). In 
six of these patients, an operation was complicated by major 
hemorrhage (5 to 18 U of blood) related to portal hyper- 
tension. In two more, a planned operation had to be 
abandoned because of excessive blood loss, and in another 
two, the planned chaledochoduodenostomy was not com- 
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Fig 5.—Celiac angiogram in case 2. Splenic vein is occluded at its 






Fig 6.—Celiac angiogram in case 4. Patient splenic vein ends in 
cluster of variceal collaterals (arrows). Portal vein is occluded. 


pleted. A subsequent splenorenal shunt successfully 
decompressed the varices and allowed a choledochoje- 
Junostomy at a third operation in one of the aborted cases. 
Splenectomy did not lead to obvious decompression of the 
periportal varices during the period of direct intraoperative 
observation. 

The surgical tactics used to treat portal hypertension in 
these patients are listed in Table 2. Splenectomy alone was 
performed in six patients, four of whom had bled from 
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Table 2.—Surgica! Treatment of Portal Hypertension From 
Superior Mesenteric and/or Portal Vein Occlusion in 
Chronic Pancreatitis 













Length of 









Prior 
Variceal Further Follow-up, 
Patient Bleediag Treatment Bleeding Status y 
1 Yes Splenectomy, Yes, no Alive 11 





ligation of 
varices 

No None No Alive 
Yes Splenectomy No Alive 
Yes Splenectomy Yes Alive 








M“ 
N 







No None No Alive 
es Splenectomy Yes Alive 
c None No Alive 










c None No Alive 


9 Ne Splenectomy No Alive 2 
10 Na None No Alive 1% 
11 ND Splenectomy No Alive 1% 
12 No None No Dead 0.5 
13 No Splenorenal No Alive 0.5 

shunt 
14 No None No 





varices. Bleeding recurred after splenectomy in two of 
these four patients. Transgastric ligation of varices was 
carried out saccessfully in one of the rebleeders. A proximal 
(Linton) splenorenal shunt was employed once, as noted 
above, to be able to bypass a stenotic lower bile duct. Ten 
patients have not bled from varices to the present time, 
including seven who have had no treatment pertinent to 
controlling “he varices or reducing portal hypertension. 

Thirteen of the 14 are still alive six months to 11 years 
after diagnesis of SMV-PV obstruction. One patient died at 
six months of inanition, purulent pericarditis, and renal 
failure. Autopsy showed only chronic pancreatitis in the 
pancreas. 


COMMENT 


Although portal vein occlusion is common in pancreatic 
cancer anc is known to occur in patients with aeute pan- 
creatitis,*" the phenomenon has rarely been reported in 
patients with chronic pancreatitis, unless complicated by a 
pseudocyst in the head of the pancreas.™™" In 1968, Leger et 
al found that 54% of patients with pancreatitis had abnor- 
mal spleneportograms and 24% had complete obstruction of 
the splenic vein; none of their patients had portal or 
mesentere vein obstruction. In another group of 16 patients 
with splenic vein thrombosis due to chronic pancreatitis, 
none had involvement of the mesenteric or portal vein.” 
Recent ccllective reviews” have assembled more than 200 
cases of splenic vein occlusion, of which more than 60% were 
due to pancreatitis, but none had associated SMV-PV 
obstructin. In fact, we have been able to find only six 
previous cases. In one series of 20 patients with chronic 
pancreatitis, nine had splenic vein thrombosis, and one of 
these had portal vein thrombosis.’ As reported by 
Longstreth et al,’ two of five patients presenting with 
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extrahepatic portal hypertension and chronic pancreatitis 
had both portal and splenic vein thrombosis. McElroy and 
Christiansen” found portal vein thrombosis in three pa- 
tients with hereditary pancreatitis. 

It is apparent that case mix and the approach to case 
finding will greatly affect the observed prevalence of venous 
occlusion in chronic pancreatitis. Splenic vein occlusion has 
been reported in 5% to 45% of cases.*5® We estimate that 
SMV-PV occlusion has been present in up to 10% of the 
patients with chronic pancreatitis who have undergone 
surgery in our practice in the last 12 years. This seems to be 
an unexpectedly high figure, considering the rarity of 
previously reported cases. Initially, we became aware of the 
diagnosis primarily in patients presenting with bleeding 
varices, so that the bleeding appeared to be a complication 
very likely to occur. As we have become sensitized to the 
possibility, we have increasingly uncovered cases without 
gastrointestinal hemorrhage or even endoscopically visible 
varices. Whether these patients would have eventually bled 
is impossible to know, but the natural history of patients we 
have followed up shows no tendency for increased incidence 
of variceal bleeding through the years. As the approach to 
case finding has changed, the major problems caused by 
SMV-PV occlusion have become the differentiation from 
pancreatic cancer and the necessity of working through the 
fragile periportal and peripancreatic varices when operat- 
ing for the other complications of chronic pancreatitis. 

The pathogenesis of SMV-PV occlusion may be the result 
of several factors. First, the vein passes through the 
pancreatic substance and is therefore at risk of being 
constricted by the progressive fibrosis characteristic of 
chronic pancreatitis. Supportive of this is the stage of 
constriction illustrated in Fig 2, as well as the general 
correlation with long-standing disease and calcified glands. 
In addition, SMV-PV occlusion in this series was very 
frequently associated with other manifestations of ad- 
vanced fibrosis in the head of the pancreas, such as biliary 
stenosis and duodenal stenosis.” Second, an episode of 
acute inflammation in the course of the disease could cause 
intimal injury and venous thrombosis, as occurs occasion- 
ally in acute pancreatitis. ”™" Third, splenic vein throm- 
bosis may in some cases precede and then extend to involve 
the SMV-PV junction. Finally, a pseudocyst may compress 
either vein. Grace and Jordan” reported the decrease of 
portal venous pressure from 37 to 16 cm H.O after internal 
drainage of a pseudocyst. 

The preoperative diagnosis of SMV-PV occlusion may be 
difficult without routine angiography. Although the few 
previous reports have stated that the risk of bleeding from 
esophagogastric varices is very high (60%'**), our evolving 
experience suggests that major venous compromise is much 
more common than known before but that bleeding is less 
common. Increasingly, we have found asymptomatic pa- 
tients; they were almost never found to have varices by 
either barium swallow examination or endoscopy, perhaps, 
in part, because of the predominance of gastric varices,” 
which are more difficult to detect. Most of our cases were 
unsuspected until the finding of greatly enlarged venous 
collaterals at operation, when they caused considerable 
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difficulty. In all 13 cases studied with visceral angiograms, 
the varices were obvious in the venous phase. 

These findings raise the question whether angiography 
should be part of the routine preoperative evaluation for 
patients about te have surgery for chronic pancreatitis. We 
have not yet accepted that conclusion, mainly because the 
cost and possible morbidity of so many needless normal 
angiograms seem to us to outweigh the avoidable problems 
that would be discovered. In relatively few cases would the 
knowledge of asymptomatic SMV-PV occlusion substan- 
tially alter the preoperative course of action (eg, cancella- 
tion of the operation or biliary intubation instead of surgical 
bypass). We do recommend angiography for cause in high- 
yield circumstances: variceal bleeding, varices seen on 
barium swallow examination or endoscopy, varices seen by 
CT scan (Fig 1), or periportal varices suggested by “notch- 
ing” of the common duct on cholangiography.” Spleno- 
megaly by physical examination, ultrasound, or CT scan 
may also suggest venous congestion worthy of angiographic 
evaluation.” Magnetic resonance imaging, when it 
comes into routine use, may provide a good noninvasive 
alternative to evaluate the patency of the portal venous 
system. 

Superior mesenteric and/or portal vein occlusion may 
require no treatment. Our experience demonstrates that 
many patients suffer no consequences from it unless other 
surgery in the region becomes needed. Prophylactic por- 
tosystemic decompression seems entirely unnecessary, and 
prophylactic sclerotherapy has no place, especially in- 
asmuch as esophageal varices were found in only one of ten 
patients who had net already bled. 

Once variceal bleeding occurs, recurrent bleeding is 
predictable and requires attention to the varices. Splenec- 
tomy is curative for left-sided portal hypertension resulting 
from isolated splenic vein occlusion, ™*™® but seems to be 
much less effective when the central portal venous system 





is also involved. Two of our four patients whose bleeding 
was treated by splenectomy rebled. Shunts using the portal 
vein will be impossible because of thrombosis or irrelevant 
because the block is more peripheral within the pancreas. 
Use of the proximal superior mesenteric vein is possible 
but likely to be extremely difficult in this setting. 
Splenorenal shunts, whether of the proximal or distal 
variety, will not be possible in the majority of patients 
because the splenic vein is also occluded and therefore 
unavailable as a conduit. A proximal splenorenal shunt was 
performed successfully in one of our patients, not for 
gastrointestinal bleeding but to decompress periportal 
varices and allow a subsequent choledochojejunostomy for 
intrapancreatic bile duct stenosis. In the one previous 
report of a proximal shunt, the shunt thrombosed and failed 
at five months.’ A distal splenorenal shunt is conceptually 
attractive if the splenic vein is patent. 

Endoscopic sclerotherapy, not used in this series, seems a 
logical solution. Esophageal varices were visible through 
the endoscope in all four of our patients who bled. Scle- 
rotherapy would have been applicable, but was not available 
at that time. Of course, gastric varices, present or develop- 
ing later, are much more difficult to inject for sclerotherapy. 
Transgastric ligation, used successfully in one of our cases, 
may be the only answer in that circumstance. 

Finally, we again emphasize the need for awareness that 
SMV-PV narrowing and occlusion within the pancreas does 
not necessarily mean cancer. Most patients with pancreatic 
pain, a “mass” in the pancreatic head seen by scan, biliary 
obstruction, duodenal obstruction, and portal vein occlu- 
sion, especially if they are in an older age group, will have 
incurable cancer. The exceptional patient with chronic 
pancreatitis, not cancer, is liable to be “written off” 
and may be undertreated as a result of the natural misper- 
ception. 
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Discussion 


JOHN W. Braascu, MD, Burlington, Mass: Dr Warshaw and his 


when they have recognized several features of pseudocysts, old 
amylase and new amylase, and thickness of walls; splenic vein 





associates are continuing their scrutiny of their experience with 


chronic pancreatitis, which has been very productive in the past obstruction has been reported on as has a variant of sclerosing 
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chronic pancreatitis that even calls for a triple bypass operation. 
Fortunately, they do not advocate a fourth bypass operation here 
with obstruction of the vein in addition to the duodenum, bile duct, 
and pancreatic duet. | 

In this comraunication, the authors call attention to the 10% 
possibility of SMV-PV obstruction and its consequences of varices, 
spontaneous beding, and iatrogenic operative bleeding, and they 
have shown us ways to deal with this problem. Perhaps analagous is 
our experience with biliary stricture repair in the face of biliary 
cirrhosis and portal hypertension, which at times requires a portal 
shunt te make the biliary anastomosis possible. Certainly, a 
pancreatoduocenectomy is difficult enough in patients with 
chronic pancreatitis, but when one considers the technical prob- 
lems when portal hypertension is added, it becomes almost 
prohibitive. I can recall one case in this category in which I had to 
come back another day to complete the resection successfully, 
using autotraasfusion and hypotensive anesthesia. I am not quite 
sure why gereral hypotension reduced the blood loss from the 
portal collaterals, but it seemed to. 

I have just one nit to pick with this excellent report, and that is, 
with half of -he cases being followed up for two years or less, 
carcinoma cannet be ruled out as a cause. Certainly a random 
biopsy mightalso miss the diagnosis of malignancy in these cases. 

WILLIAM ©. McDermott, JR, MD, Boston: I was interested in 
discussing this report with Dr Warshaw and seeing the data before 
this meeting, because about 25 years ago, we gave a report on 
portal hyper-ension secondary to benign and malignant disease of 
the pancreas: There has been very little in the literature since that 
time. In a New England Journal of Medicine clinicopathological 
case, there was one patient who presented with apparent cirrhosis 
and pertal aypertension, varices, ascites, and so on, who ul- 
timately preved to have cancer of the pancreas, of which he 
promptly died. In those days, of course, the only technique we had 
of any value in delineating portal bed block was splenoportogra- 
phy; we have progressed quite a way since then. With such 
limitations, it was a little difficult to identify, analyze, and follow 
up these pacients. 

I would æree with Dr Warshaw and his colleagues about the 
problem of portal hypertension secondary to pancreatitis. It is 


interesting how relatively benign this is. Without giving any long- 
term follow-up in large numbers, which I do not have, the one 
patient that I have followed up for 26 years died just recently of 
cardiac and renal problems. Over that entire period of time, despite 
esophageal varices, he was able to apparently adequately 
decompress his portal hypertension through cavernomatous trans- 
formation around the portal vein. He lived with this for a consider- 
able period, an experience similar to what the authors have shown 
in a number of their cases. So, while it is an interesting observation 
pathophysiologically, it is not necessarily a lethal and sometimes 
not even a disabling problem in terms of recurrent bleeding. I am 
delighted that Dr Warshaw and his colleagues brought this again to 
our attention since there has been so relatively little in the 
literature over a long period. 

Dr WarsHaw: Actually, Dr McDermott is being very humble; 
his was the seminal report on portal hypertension in chronic 
pancreatitis in 1960. We have all been following in his footsteps ever 
since. 

Dr Braasch, your comment about cancer is well taken, especially 
since I chose to emphasize the fact that we should not get “suckered 
into the cheap seats” by calling everything with portal vein 
obstruction “cancer.” We worried that the patient who died at six 
months was going to turn out to have cancer. He was the oldest 
patient in the series at 62 years of age; in his case, we have autopsy 
proof that he did not have cancer. The median age of the patients 
was 43 years. Nine of the 14 did have calcifications, and eventhough 
perhaps half of the patients had follow-up examinations at about 
two years, two years in the natural history of pancreatic cancer is a 
fairly long time to have developed no other evidenee of that disease. 
We have seen no cancer in these patients to the present time. 

The important point from our perspective is te be aware of this 
phenomenon and perhaps to have some plan in mind when it is 
encountered at the time of surgery and not to overemphasize (as Dr 
McDermott has brought out) and overreact in advance. These 
patients tend to have gastric varices, not esophageal varices; some 
bleed but many do not, even over long periods. Problems may arise 
only if you have to do direct pancreatic surgery and trip over the 
varices when you are there. 


In Other AMA Journals 


ARCHIVES OF INTERNAL MEDICINE 
Apnea Testing in Brain Death 


Jerry M. Belsh, MD; Roberta Blatt, RRT; Philip L. Schiffman, MD 


A standardized protocol was followed in 33 apneic oxygenation tests on 20 patients suspected of being brain 


dead. Spontaneous respiratory movements developed in just one patient; this patient was the only one who did 
not show electrocerebral silence on electroencephalography. Significant hypoxemia, hypotension, or cardiac 
arrhythmias were not encountered despite lung disease in 14 of our 20 patients. The apnea test pretocol 
employed proved to be safe and sensitive. With a starting partial arterial carbon dioxide pressure greater than 
or equal to 36 mm Hg and a disconnection time from the ventilator of ten minutes in a normothermic patient 
(=36.1°C [=97°F ]), the pressure threshold of 60 mm Hg should be reached in all patients (Arch Intern Med 
1986;146:2385-2388). 
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Pancreatoduodenectomy in the 


Management of Chronic Pancreatitis 


Ricardo L. Rossi, MD; Jan Rothschild, MD; John W. Braasch, MD; 


J. Lawrence Munson, MD; Stephen G. ReMine, MD 


è The records of 73 consecutive patients who underwent 
pancreatoducdenectomy for chronic pancreatitis between 
1960 and 1985 were reviewed. The median size of the pancreatic 
duct was 5 mm. Two operative deaths (2.7%) occurred early in 
the series. Eighty-eight percent, 86%, and 79% of the patients 
had improvement in pain at six months, two years, and five 
years, respectively. Diabetes was present preoperatively in 
25% of patients and postoperatively in 37%, 45%, and 69% of 
patients at six months, two years, and five years, respectively. 
Pancreatic enzyme preparations were used preoperatively by 
26% of patients; this use increased to 75% by five years. Only 
four of 17 late deaths could be related to diabetes or mainutri- 
tion. In most patients, pancreatoduodenectomy achieves long- 
term pain improvement and permits return to normal activities. 
Selection of patients is important to decrease the late mor- 
bidity and mortality. 

(Arch Surg 1987;122:416-420) 


espite many years of experience, the best approach to 

the management of patients with chronic pancreatitis 
remains unsettled. For the patient with a dilated pancreatic 
duct, evidence shows fairly uniform good results with side- 
to-side pancreaticojejunostomy. However, for the patient 
with a normal-sized or a mildly dilated pancreatic duct, 
treatment is limited to an ampullary procedure or to 
pancreatic resection. An ampullary procedure is associated 
with poor long-term results with respect to relief of pain.*” 
Historically, distal resection has been the treatment of 
choice because of its lower asseciated operative morbidity 
and mortality compared with other procedures. After par- 
tial distal resection, hewever, the percentage of patients 
who are free of pain at five years remains low.** The 
development of brittle diabetes and malabsorption also 
makes total or near-total resection a poor choice for many of 
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these patients.°° For these reasons, we evaluated our 
experience with resection of the head and uncinate process 
of the pancreas in 73 patients with respect to long-term 
results and complications. 


PATIENTS AND METHODS 


The records of all patients who underwent pancreatoduodenec- 
tomy for chronic pancreatitis between 1960 and 1985 were re- 
viewed. The study group consisted of 53 men and 20 women. The 
mean age at the time of operation was 46 years (range, 23 to 67 
years). The presumptive causative factor was alcohol abuse in 50 
patients (69%) and biliary disease in one patient (1.4%); five 
patients had idiopathic pancreatitis and one patient had post- 
traumatic pancreatitis, and in 16 patients the cause was not clear. 

The diagnosis was made on the clinical basis of typical, usually 
long-standing pain frequently associated with major disruption in 
life-style and addiction to narcotics unresponsive to conservative 
medical management. The diagnosis was supported by roent- 
genograpnic findings of calcification or abnormal results on pan- 
creatography and was confirmed by operative pathologic findings. 

Criteria for operation in all instances included pain ranging from 
one to 360 months in duration (mean, 51 months). Thirteen (18%) of 
the 73 patients presented with biliary obstruction, and three 
patients (4%) presented with gastric outlet obstruction. A mass in 
the head ef the pancreas was palpable on examination, visualized 
by roentgenography, or found at operation in 37 patients (51%). 
Fifty-three of the 73 patients represented failure of 94 previous 
operations: 


Procedure No. of Operations 
Choleeystectomy/choledochostomy 30 
Distal resection 15 
Sphineter procedure 13 
Drainage of cyst 10 
Gastrectomy 9 
Laparotomy only 6 
Drainage of pancreatic abscess 3 
Cholecochoduodenostomy 3 
Cholecystenterostomy 2 
Vagotomy-pyloroplasty 1 
Puestow procedure 1 
Splanchnicectomy 1 
Total 94 
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A lateral pancreaticojejunostomy had been performed in only one 
patient. 

Pathologic fincings at operation included mild to severe fibrosis 
of the pancreas n all patients. Calcification was found in 58% of 
patients. In addition, 37% of patients had pseudocysts, and 10% 
had abscesses. The median size of the pancreatic duct at pathologic 
examination was 5 mm. Although the duct was described by the 
surgeon as being dilated in 52% of patients, only 11 patients(15%) 
had a duct measuring 8 mm or more on pathologic examination. A 
standard pancreatoduodenectomy was performed on 53 patients 
before 1979, ane a pyloric-preserving operation was carried out on 
20 patients after 1979. In 13 patients, the procedure represented a 
completion parmreatectomy. 


RESULTS 


Two deaths oecurred after pancreatoduodenectomy for 
an operative mortality rate of 2.7%, with no deaths-occur- 
ring in 44 patients operated on after 1970. One death was 
related to a breakdown of the biliary anastomosis in a 
patient who had had multiple procedures for congenital 
anomalies of the biliary tract. The other death was related 
to postoperetive abdominal bleeding and subsequent sep- 
ticemia. Postoperative complications were recorded in 32% 
of patients and included four abdominal abscesses, three 
biliary fistw.as, and two pancreatic fistulas. Intra-abdomi- 
nal hemorrnage occurred in three patients, and hemor- 
rhage from zhe upper gastrointestinal tract occurred in one 
patient; only one of these four patients required reopera- 
tion. One patient had gastric outlet obstruction after a 
pylorie-preserving pancreatoduodenectomy and required 
pyloroplasty. 

Of the 7€ patients, two patients died after operation and 
ten patients (14%) were unavailable for follow-up, leaving 61 
patients available for long-term follow-up. Mean follow-up 
time was <9 years, with a range of six months to 20 years. 
Forty-five percent and 25% of the patients were followed up 
for five and ten years, respectively. Follow-up data regard- 
ing relief of pain, use of narcotics, and the develepment of 
complicatzons were obtained by mail surveys and telephone 
contact. When the patient could not accurately recall the 
results far a past follow-up period (ie, six months, two 
years, or ‘ive years), the result was entered as unknown for 
that peried regardless of the result at the last follow-up. 
This classification was especially used when trying to 
assess the use of pain medication and narcotics. 

Follow-up data regarding relief of pain were obtained by 
using the patients’ subjective opinions. Preoperative pain 
was evaluated on a scale of 1 to 5, with 1 representing no 
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pain; 2, episodic and mild pain; 3, continual and mild pain; 
4, episodic and severe pain; and 5, continual and severe 
pain. This same scale was used to describe pain at six 
months and at 2, 5, 10, and 15 years after operation. and 
results were compared with those of the preoperative 
evaluation (Table 1). At six months, 54 (88%) of 61 patients 
claimed they had partial or complete improvement in pain. 
At two years, 38 (86%) of 44 patients said the pain had 
partially or completely improved, as did 26 (79%) of 33 
patients at five years. At ten years, 83% of patients believed 
their pain had improved; at 15 years, six of six patients 
followed up believed their condition had improved compared 
with their preoperative level of pain. 

To provide a more objective means of evaluating relief of 
pain, patients were asked about their use of pain medication 
before and after operation. Patients were graded according 
to their use of nonnarcotic analgesic agents or their use of 
narcotics intermittently or daily (addiction). Although 88% 
of patients had used narcotics preoperatively, at six months 
and at 2, 5, and 10 years, this percentage decreased to 28%, 
32%, 28%, and 20%, respectively (Table 2). A decline of 
narcotic use from 83% preoperatively to 28% at five years 
and to 20% at ten years suggests a good level of pain relief. 
No difference in pain improvement was found between 
patients who had a standard pancreatoduodenectomy and 
those who had a pyloric-sparing procedure. 

Another criterion of a satisfactory result was the patient’s 
perception of his or her ability to assume daily activities, ie, 
return to work or perform household chores. Six months 
after operation, 69% of patients said they were maintaining 
a normal life-style. At two and five years, 62% and 47% of 
patients, respectively, said they were able to perform 
normal daily activities, and an additional 24% and 30% 
claimed to do so intermittently. At ten years, 83% of 
patients said they were able to live a normal life, while at 15 
years, all patients were maintaining normal activities at 
least intermittently. 

A worrisome long-term complication is the development 
of diabetes postoperatively (Table 3). Preoperatively, 25% 
of patients were being treated for diabetes mellitus with 
oral agents or insulin. At six months and at two years, 31% 
and 38% of patients, respectively, were taking insulin; at 
five years, 66% of patients were insulin dependent. In all 
but two patients at two years and three patients at five 
years, the dose of insulin was either the same as or higher 
than the preoperative dose. 

An attempt was made to determine the extent of exocrine 
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Table 2.—Use of Paim Medication 


No. (%) of Patients 
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None 

Nonnarcotic 

Intermittent narcotics 

Addiction to narcotics 22 (41) 
Total 54 
Unknown 7 















Preoperatively 


No diabetes 55 (75) 34 (63) 
Not treated or treated with 
oral medication 7 (10) 3 (6) 


Total 73 54 
cea 7 


pancreatic insufficiency that developed postoperatively. Of 
the patients, 26% were taking exocrine replacement preop- 
eratively, 58% at six months, 57% at two years, and 75% 
at five years. Although a number of patients had preop- 
erative symptoms of pancreatic insufficiency that were not 
treated, the majority of patients were discharged postop- 
eratively with instructions to take pancreatic replacement, 
which they continued to take without necessarily manifest- 
ing symptoms. For this reason, the data were less mean- 
ingful. 

Variations in weights have been recorded consistently 
since 1979 when the pyloric-preserving procedure was in- 
troduced. In 20 patients who had a pyloric-sparing opera- 
tion, the median weight at the last follow-up visit was 105% 
of the preoperative weight (range, 83% to 120%) and 95% of 
the preillness weight (range, 76% to 108%). Eighty-six per- 
cent of these patients had a gastric capacity to meal of 100%. 

Of the 71 patients who survived the operation, eight 
patients (11%) required reoperation for related disease. 
Distal resection for completion pancreatectomy was carried 
out on three patients in one of whom the distal pancreas was 
autotransplanted successfully to the femoral area. Biliary 
procedures were required in two patients, gastrectomy for 
ulcer was performed in one patient, dilatation of pancreat- 
icojejunostomy was necessary in one patient, and splenec- 
tomy was performed due to an abscess in one patient. 

Late mortality in this population was associated with a 
number of causes. Diabetes, malnutrition, or alcoholism 
was found as the cause of death in four patients, for a late 
related mortality rate of 5.6%. One of these deaths occurred 
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after completion pancreatectomy had been performed. 
Three patients died of myocardial infarction, two of car- 
cinoma of the lung, and one of carcinoma of the larynx. A 
cerebrovascular accident occurred in three patients, and 
one patient died of trauma. The cause of death was unknown 
in three patients. 

COMMENT 

Because of the lack of understanding of the pathogenic 
mechanisms of chronic pancreatitis, a completely satisfac- 
tory therapy has yet to be devised.” Most surgeons agree 
that when substantial ductal dilatation exists or when 
pseucoeysts are present, adequate results are obtained by 
drainage of the duct or pseudocyst.**” In the absence of 
these discrete anatomic findings, however, the choice of 
treatment becomes less clear. A satisfactory surgical treat- 
ment needs to be found for the patient with long-standing 
debilitating pain and normal-sized and mildly dilated pan- 
creatic ducts. 

Although total pancreatectomy provides adequate re- 
sults with respect to relief of pain, the development of 
associeted endocrine and exocrine pancreatic insufficiency 
with high late mortality makes this an undesirable proce- 
dure.’ As the extent of distal resection is decreased to 
lessen these complications, the degree of pain relief ob- 
tained declines proportionately.***°” Pancreatoduodenec- 
tomy is the treatment of choice in patients in whom the duct 
is not dilated or in whom disease is lateralized to the head of 
the pancreas as well as in patients in whom decompressive 
procedures have failed. Our results with pain relief after 
this procedure have been satisfactory with improvement in 


Pancreatoduodenectomy—Rossi et al 


A 


ba 


| eas PST a>. es ie Swe 
rr} l mh 1 7 MNE Er : ¥ 


88%, 86%, 79%, and 83% of patients, respectively, at 31x 
months and 2, 5. and 10 years postoperatively. 

Historical comparisons for pancreatoduodenectomy in- 
clude a study by Frey et alf of 19 patients of whom 50% 
obtained relief of pain at five years. The incidence of 
diabetes was 25%, and perioperative complications oc- 
curred in 84% ot patients. In 16 patients, Leger et al” found 
that up to 50% of patients had relief of pain at five years; 
however, the raze of operative or late mortality was 56%. In 
the study by Sarles et al,‘ 23 patients (71%) had relief of pain 
with a 40% inedence of complications and a late mortality 
rate of 39%. Gall described 238 patients who underwent 
Whipple’s operation and duct occlusion with prolamine. The 
operative mortality rate was 1.3%, with 64% of patients free 
of pain and 345 with only minor complaints. Most patients 
had returned to work, and 85% had gained weight. 

The issue cf late morbidity and mortality after pan- 
creatoduoedenectomy, particularly relating to diabetic com- 
plications, has frequently been cited as an argument 
against this procedure for the patient with chronic pan- 
creatitis.” Disbetes mellitus was present in 25% of patients 
preoperatively and evolved over five years in another 44% of 
our patient population, for a total incidence of 69%. This 
rate is comparable with the incidence of diabetes in another 
series” of pacients who received medical treatment alone 
and in whom diabetes developed in up to 56% of patients. In 
multiple series" of patients who underwent ductal drain- 
age with no resection, the incidence of diabetes approached 
40% at five years. Of 205 patients with alcoholic ehronic 
pancreatitis. R. W. Ammann, MD, (written communica- 
tion, 1986) reported an incidence of overt diabetes (sulfon- 
amides or insulin necessary) in 56% of patients treated 
medically, im 45% of patients treated with drainage proce- 
dures, and in 74% of patients who had left pancreatectomy. 
In most of our patients, diabetes was well controlled, and we 
believe an incidence of 69% is not prohibitive. The low late 
mortality related to diabetes, malnutrition, or alcoholism in 
our series 6.6%) can be attributed to patient selection as 
resective procedures were avoided in patients who we 


thought could not manage the apancreatic state. 

Although results for relief of pain historically have been 
recorded in up to 70% of patients, many surgeons have 
chosen not to perform pancreatoduodenectomy because of 
the associated high morbidity and technical difficulty in the 
presence of chronic pancreatitis. The greatest technical 
challenge results when the anatomic plane cannot be dis- 
sected between the chronically inflamed gland and the 
portal vein. In such instances, all other steps of Whipple's 
operation are performed first. If the portal vein is entered 
while dissecting off the pancreas, the portal, superior 
mesenteric, and splenic veins can be clamped to obtain 
vascular control. Resection of a segment of the portal vein 
was required in two of our patients. In one instance, the vein 
was primarily anastomosed in an end-to-end fashion after 
mobilization had been carried out. In another instance and 
after adequate venous control had been obtained, a portion 
of the portal vein was replaced with a segment of internal 
jugular vein. Alternatively, to avoid injury to the portal 
vein, a rim of pancreatic tissue can be left attached to the 
portal vein. 

Of interest is the number of patients in this series who 
died of causes related to smoking, such as careinoma of the 
larynx and lung, myocardial infarction, and cere- 
brovascular accident. These findings are borne out in ether 
studies’ of late deaths in similar patients. 

Pancreatoduodenectomy provides good relief of pain in 
patients disabled by chronic pancreatitis in whom a drain- 
age procedure is not possible because the pancreatic duct is 
not dilated or in patients in whom a previous decompressive 
or sphincter procedure has already failed. Low late mor- 
tality attributed to metabolic complications is achieved by 
careful preoperative patient selection. For patients with a 
dilated duct, side-to-side pancreaticojejunostomy with or 
without drainage of the biliary tree is the procedure of 
choice.” In patients without ductal dilatation, however, 
proximal pancreatic resection should be considered. 


The authors thank Elton Watkins, Jr, MD, and Gerald Heatley for their 
assistance in processing the data. 
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Discussion 


ANDREW L. Warszaw, MD, Boston: This report represents a 
very large series with very excellent results, but I would like to 
point out that the “rules of the road” have changed. We can no 
longer speak of or accept the high mortality rates for Whipple’s 
operation that have been aecepted in the past. The present study is 
one more experience in which this operation has been carried out 
with mortalities approaching zero. As Dr Rothschild has pointed 
out, the operation is more difficult in the setting of pancreatitis 
than in cancer. The portal vein is not only stuck, but it is friable and 
inflamed; the problems with the portal vein were very much 
understated. 

I would also point out that investigators at the Lahey Clinic are 
not in the habit of pretending that all of their results are wonderful 
forever. I call to your attention previous series of patients with 
chronic pancreatitis, ampullary stenosis, and a variety of other 
related pancreatic conditions in which their follow-up results were 
shown to be progressively poorer as time passed. Therefore, when 
one looks at the results in this series and sees how well they hold up, 
the results are even more impressive. In the treatment of pain and 
chronic pancreatitis, any group of patients with a good result 
approaching 80% az five years is really quite dramatic. 

Because the natural history of chronic pancreatitis is that of 
progressive destruction of the gland, some internists and gastroen- 
terologists claim that good surgical results over the long period are 
not due to the surgery but to progressive destruction of the gland 
and burnout. However, the present results were good immediately 
after surgery. The six-month results, which are every bit as good 
as those at five years, were not caused by burnout. 

The same kind of comment needs to be made about diabetes. The 
natural history of this disease is that of progressive insufficiency. 
Again, the comparison of their six-month results with their five- 
year results indicates that surgery did not produce the diabetes. I 
would also emphasize that the kind of diabetes seen in a patient 
who still has half of his pancreas is not the same as that seen after 
total pancreatectomy. The former patients still have a glucagon 


source, and they have a “buffered” diabetes that is much easier 
even for the continuing alcoholic patient to manage in comparison 
with the lethal form of diabetes in the apancreatic state when the 
patient continues to drink. 

Another characteristic that distinguishes the present series 
from many others reporting long-term results of chronic pan- 
creatitis is the rather low incidence of cancer associated with this 
disease. A few of the 73 patients died of cancer, specifically, one 
patient with lung cancer and another with larynx cancer. In recent 
years, several other large series of patients with pancreatitis have 
emphasized a rather extraordinary increase in cancer, not only of 
the pancreas but other parts of the gastrointestinal and upper 
respiratory tracts as well. I wonder if Dr Rothschild might 
comment on the difference. Are you giving protection by resection, 
at least for some patients? 

Finally, pancreatoduodenectomy would not be the first-choice 
operation. In the presence of a dilated duct, the much simpler 
Puestow procedure would be preferable. But when the duct is not 
dilated, pancreatoduodenectomy is certainly a very effective 
procedure. 

W. BRADFORD PATTERSON, MD, Brookline, Mass: I am curious 
about the report that only 19 patients died over such a long period. 
How many survivors were followed up in the later years? Were all 
patients followed up for 15 years? What is the common denominator 
at 5, 10, and 15 years? 

Dr Rossi: We appreciate the comments of the discussants and 
agree with Dr Warshaw that for patients with a dilated pancreatic 
duct, pancreaticojejunostomy is preferred. However, if this proce- 
dure fails or is not possible because of a small pancreatic duct, 
pancreatoduodenectomy should be considered. 

In answer to Dr Patterson, not all patients were followed up for 
15 years. The mean follow-up was 4.9 years; 45% of patients were 
followed up for five years and 25% for ten years. Therefore, the 
common denominator was different at 5, 10, and 15 years. 


in Other AMA Journals 


ARCHIVES OF INTERNAL MEDICINE 


Nonsteroidal Anti-inflammatory Drugs and Gastrointestinal Bleeding: A Case-Control 


Study 


William R. Bartle, PharmD; Aditya K. Gupta, MA; Jana Lazor, MScPharm 


This study looked at the association between nonsteroidal anti-inflammatory drug (NSAID) use and acute 


nonvariceal upper gastrointestinal tract bleeding (AUGIB). Fifty-seven consecutive patients presenting to 
hospital with AUGIB were compared with 123 sex- and age-matched controls. Twenty-four (42.1%) of the 57 
AUGIB patients were taking NSAIDs compared with 23 (18.1%) of the 123 control subjects. Patients whose 
AUGIB was associated with NSAID use were significantly older than the group whose bleeding was not 
associated with drug use; no other differences between these two groups was found. Seventy percent of 
patients taking nonacetylsalicylic acid who developed bleeding in this study did so within three months of 
starting therapy. Abdominal pain was an infrequent presenting complaint (Arch Intern Med 


1986;146:2365-2367). 
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Atresia of the Esophagus 


New Trends in the Management of High-Risk Neonates 


Donald W. Hight, MD; George McGowan, MD; Judith Smith, MD; Gerald Kent, MD; Frederick Alexander, MD 


e Once the reconstruction of esophageal atresia in infancy 
was reported, mmediate repair became standard practice. 
High-risk infan*s carry an operative mortality of 30% to 80%. 
Staged surgical procedures were introduced to improve sur- 
vival. “Delaye” reconstruction of esophageal atresia in se- 
lected cases has been reported to improve survival and elimi- 
nate staged surgical procedures. Between 1982 and 1986, 21 
newborns were diagnosed as having esophageal atresia. Eight 
infants (32%) underwent “immediate” repair. In 13 infants 
repair was “deayed” for seven to 252 days. Four neonates with 
“pure” esophageal atresia underwent primary anastomosis, 
one was awaiñng surgery, and another died in the postnatal 
period. As more high-risk infants survive the perinatal period, 
surgical recoastruction must be planned to maximize oper- 
ative survival The goal of delayed management of esophageal 
atresia is to restore intrinsic esophageal continuity. 

(Arch Surg 1987 ;122:421-423) 


ince its dinical and pathologic description by Thomas 
Gibson n 1697, the management of esophageal atresia 
with and w:theut tracheoesophageal fistula has been a 
challenge tosurgeons responsible for saving infants from an 
otherwise fetal malformation. In 1939, the first two survi- 
vors of staged correction of esophageal atresia and tra- 
cheoesephazgeal fistula were described.’” Successful repair 
with the primary esophageal anastomosis was performed in 
1941 by Hamht* and marked the modern era of aggressive 
surgical correction of congenital malformations in the new- 
born perioc. 

During tne four decades since the first infant survived 
surgieal reoair of esophageal atresia, significant advances 
have been made in perioperative management, pediatric 
anesthesia. and surgical technique. In addition, regional 
neonatal units have refined the care of premature infants of 
low birth weight. As high-risk neonates with major congen- 
ital malformations, including esophageal atresia, survive 
the perinatal period, traditional forms of surgical manage- 
ment mus: be altered to cope with the critical physiologic 
demands ef these fragile patients. The concept of “delayed” 
surgcal eorrection in infants of low birth weight was 
propesed n 1965 by Howard and Myers’; in their technique, 
the atretc upper segment was elongated by repeated 
bougienage following division of a tracheoesophageal 
fistula. Woolley’ then applied the technique of upper pouch 
elongation in six infants with “pure” esophageal atresia. 
Each case was corrected without esophageal diversion or 
colonic irterposition. Hays et al reported on the selective 
use of de-ayed reconstruction in premature infants with an 
elongated distal pouch. In the two decades since Hayes et 
al’s report, a variety of techniques have been described that 
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enhance chances of intrinsic esophageal repair and improve 
survival of high-risk infants with esophageal atresia.‘ The 
present report concerns the selective management of high- 
risk neonates with esophageal atresia in which “delayed” 
surgical repair led to successful reconstruction of the esoph- 
agus without the use of staged procedures, bougienage, 
proximal esophageal diversion, or interposition of gastric or 
colonic segments. 


PATIENTS AND METHODS 


From 1982 to 1986, 21 infants underwent surgical treatment of 
esophageal atresia. Eight infants (88%) with esophageal atresia 
and tracheoesophageal fistula underwent immediate surgical cor- 
rection with primary end-to-end esophageal anastomosis. Five 
patients were found to have a fistula at the level of the carina. Three 
infants had an H fistula of the cervical esophagus. Birth weight 
ranged from 2100 to 3370 g, with an average of 2911 g. The 
remaining 13 infants (62%) were treated by continuous suction of 
the upper pouch and gastrostomy tube feeding, followed by 
delayed surgical reconstruction. In four infants with esophageal 
atresia and tracheoesophageal fistula, symptomatic gastro- 
esophageal reflux through the fistula prevented the use ef gas- 
trostomy feedings. Central venous catheters were inserted in 
these infants for prolonged intravenous alimentation. 

The reasons for delay of surgery were prematurity and low birth 
weight, respiratory distress, “pure” esophageal atresia, or multi- 
ple congenital malformations. In the delayed group, seven patients 
with esophageal atresia and tracheoesophageal fistula underwent 
corrective surgery seven to 102 days after birth. Average birth 
weignt in this group was 2100 g (range, 900 to 3630 g), or 28% less 
than that of infants undergoing immediate repair. Six neonates 
were born with pure esophageal atresia. Four infants underwent 
primary surgical correction 64 to 252 days after birth. The average 
weight of these neonates was 2011 g (range, 940 te 3750 g), 31% less 
than that of the group undergoing immediate repair. One additional 
infant was awaiting correction 90 days postnatally and another 
infant died of a spontaneous gastric perforation 23 days after birth. 
Approximately every two weeks, infants with pure esephageal 
atresia awaiting surgical reconstruction of the esophagus under- 
went brief fluoroscopic evaluation of the proximal and distal atretic 
segments. Radiopaque dilators were inserted into the two seg- 
ments, and the proximity of the two portions of the esophagus was 
estimated by comparing width with adjacent vertebral segments 
(Fig 1). Definitive reconstruction was planned once the gap be- 
tween segments was reduced to less than two vertebral bodies. 


RESULTS 
Complications 


Complications in the operative or follow-up period were 
confined to the group of infants treated by the delayed 
technique. One infant required interval ligation of tra- 
cheoesophageal fistula because of severe respiratory 
distress syndrome before definitive surgical repair. Two 
infants had postoperative esophageal anastomotic leaks 
that closed spontaneously after a period of mediastinal 
drainage. Five patients developed severe anastomotic stric- 
tures requiring repeated interval dilatations (Fig 2). These 
patients were evaluated for gastroesophageal reflux by pH 
probe monitoring. Four infants ultimately required gastric 
fundoplication. 
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Fig 1.—Roentgenogram demonstrating proximity of two portions of 
esophagus. Distance between atretic segments is approximately 
two vertebra! bodies. 


Associated Malformations 


Associated malformations were found coincidentally in 
43% of infants with esophageal atresia. VATER association 
was the most common form of cluster malformation noted. 


Mortality 


There were two deaths in the present series. One infant 
with pure esophageal atresia died following a spontaneous 
gastric perforation at 23 days of age. A second infant died 
six months after esophageal correction of multiple renal and 
intestinal malformations. 


COMMENT 


The goal of surgical reconstruction of congenital esoph- 
ageal atresia is restoration of intrinsic esophageal con- 
tinuity and function. Delayed primary esophageal repair 
has been reported with increasing frequency in high-risk 
neonates or infants with pure esophageal atresia.** During 
the past decade, this form of treatment has led to a 
particularly dramatic improvement in survival among in- 
fants in groups B and C on Waterston’s classic risk classifica- 
tion.” Seven high-risk infants with esophageal atresia and 
tracheoesophageal fistula underwent successful repair 
despite an average delay of 40 days. One patient required 
interval ligation of a tracheoesophageal fistula before pri- 
mary repair, as reported by Howard and Myers.‘ Among the 
six neonates with “pure” esophageal atresia, four under- 
went a primary anastomosis with 66% survival. Historical 
rates have ranged as low as 20%.” Nutritional support was 
maintained by bolus gastrostomy feedings along with si- 
multaneous aspiratien of the contents of the hypopharynx. 
Despite reports suggesting the use of manual? or electro- 
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Fig 2.—Barium swallow indicating high-grade anastomotic stricture 
formation. 


magnetic bougienage,” suture fistulization® and multiple 
esophagomyotomy™ of the upper atretic segment, only 
monitoring of spontaneous growth and elongation of the 
upper and lower esophageal pouch, as described by Puri 
et al,” were used to judge the timing of definitive surgery. 
The risks of proximal esophageal perforation, medi- 
astinitis, and excessive fluoroscopic exposure were thereby 
avoide 1. 

Durmg the 1950s and 1960s, both the ascending and 
descending colon were used to bridge the wide gap of 
esophageal atresia that was irrepairable by primary anasto- 
mosis.” While there are numerous reports of satisfactory 
functional results using colonic segments as esophageal 
substit ates,*™ variable results have caused others to turn 
to gast~ic tubes,” jejunal segments,” and esophagogas- 
trostory.* The potential risk of malignant degeneration in 
nonanatomic intestinal segments has also been raised as a 
concern.” Using the delayed technique of esophageal re- 
pair, the need for colonic interposition grafts has been 
virtually eliminated.” 

The echicality of new trends in the management of such 
traditional surgical disorders must always be measured 
against historic standards of excellence and progress 
gained by the inevitable advances made in perioperative 
care, anesthesia, and surgical technique. As greater num- 
bers of high-risk neonates with major congenital malforma- 
tions, suzh as esophageal atresia, in regional neonatal units 
survive -he perinatal period, there is an ever-increasing 
challenge to those physicians responsible for these infants’ 
surgical ~econstruction to maximize preoperative prepara- 
tion so as to restore intrinsic esophageal function with a » 
minimurr of interval procedures and a maximum chance of 
meaningful survival. 
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Discussion 


RoBERT J. TOULOUKIAN, MD, New Haven, Conn: It has become 
routine in our institution for any infant with esophageal atresia 
who has a distal tracheoesophageal fistula, regardless of how high 
the risk in taat infant may be, to undergo a preliminary gastros- 
tomy and at least an extrapleural division of the fistula to allow 
feeding throagh a gastrostomy tube and support by endotracheal 
ventilation, s well as by any other necessary means, because of the 
presence of associated anomalies. 

In many h gh-risk Waterston type C infants we have been able to 
achieve a prmary anastomosis with low morbidity. 

I am concerned about attempting gastrostomy feedings with an 
open trachesesophageal fistula. Are these infants sustained with 
total parenteral nutrition? Is ajejunostomy catheter inserted, or is 
there some «ind of continuous drip that prevents the infants from 
aspirating the infused material? Given the kind of support care 
available in -he authors’ institution, as well as the excellent nursing 
and anesthesia, I am sure the authors could translate this 95% 
survival rate with staging to an equally high survival rate via a 
more aggressive approach, and thereby achieve a primary 
anastemosis without imposing additional expense and long-term 
hospitalization. 

ALBERT W. DisBBins, MD, Portland, Me: Since the infant with 
pure esophageal atresia and the infant with esophageal atresia and 
a tracheoesophageal fistula present different problems, I would 
like taseparate my remarks and questions about each group. Inthe 
children with pure esophageal atresia, we have not been as 
fortunate as these authors in being able to bring the two segments 
together. We have usually stopped after approximately 60 days of 
trying and performed a cervical esophagostomy, committing the 
child to a cdon interposition later. We do this because we feel that it 
is difficult “or a child to do well psychologically by spending six or 
seven months with a Replogle tube inserted in the proximal pouch 
and gastra@tomy feedings given in the hospital, as epposed to 
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eating by mouth with a cervical esophagostomy at home with his or 
her family. We agree that bougienage does not make a difference 
but that growth does. Do the authors feel it is worth trading this 
time in the hospital for a primary esophageal anastomosis? 

We have treated 27 children with esophageal atresia and tra- 
cheoesophageal fistula, ie, primary repairs on 19 patients and 
staging only in eight. We have been more aggressive about staging 
but have never done the secondary procedure more than ten days 
later. We have never felt that we could feed these children by 
gastrostomy with the tracheoesophageal fistula intact. It is 
unclear whether these authors are doing this. These children have 
gastroesophageal reflux more frequently than normal children do, 
and we have always been concerned that they would die of 
aspiration, so that we have believed that an aggressive attempt to 
put the esophagus back together was the best treatment. 

Dr Hicut: We have been fortunate to have an extremely 
supportive neonatal setting in which to manage these children. We 
have attempted to drip feed the children with an open fistula after 
insertion of a gastrostomy tube; we minimize reflux by keeping 
these infants in an upright position. If, as in four eases, we were not 
able to sustain this for extended periods of time, then a central 
venous catheter was inserted for nutritional support. The children 
with pure atresia, of course, are a much different matter, because 
they can be fed without risk of aspiration. 

I think the generation that taught me pediatric surgery really 
had greater experience with interposition segments, and many of 
these physicians have reported excellent results over the years. I 
think that is an important standard for us to look to and eertainly is 
a viable alternative. One of our neonatal patients with pure atresia 
who is pending treatment has been sent home. We find that many of 
these children eventually produce very little oropharyngeal secre- 
tions if they are not stimulated. 
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The Treatment of Complicated 
Appendicitis in Children 


What Is the Gold Standard? 


James R. Elmore, MD; Albert W. Dibbins, MD; Michael R. Curci, MD 


e From 1976 to 1985, 233 consecutive children were treated 
for appendicitis by a standardized protocol. Forty-nine percent 
of these cases were complicated: 11% by gangrene, 33% by 
perforation, and 4% by perforations with well-developed ab- 
scesses. Treatment of gangrenous and perforated appen- 
dicitis consisted of administration of ampicillin sodium, gen- 
tamicin sulfate, and clindamycin phosphate; appendectomy; 
and saline peritoneal irrigation. Transperitoneal drainage was 
not used. Skin and subcutaneous tissues were left open for 
delayed primary wound closure. Perforations with well-devel- 
oped abscesses were treated with triple antibiotic therapy and 
interval appendectomy. The only infectious complication was 
one intra-abdominal abscess. There were no wound infections 
or deaths. The rate of infectious complications was 0.9%, and 
the overall morbidity was 4.4%. This standardized treatment of 
complicated eppendicitis in children prevents wound infection 
and significantly decreases the incidence of intra-abdominal 
abscess formation and mortality. 

(Arch Surg 1987;122:424-427) 


bce fluid resuscitation and advances in anesthetic 
technique and antibiotic therapy have dramatically 
reduced the mortality and morbidity of complicated appen- 
dicitis in children. Despite these advances, wound infection 
and intra-abdominal abscess formation are still significant 
problems. Studies in the past ten years have reported 
wound infection rates as high as 35% and intra-abdominal 
abscess formation in up to 20% of patients. 

This study describes our treatment of complicated appen- 
dicitis, addressing the role of triple antibiotic therapy, 
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peritoneal irrigation, transperitoneal drainage, and de- 
layed primary wound closure. 


PATIENTS AND METHODS 


From 1976 to 1985, 233 children at Maine Medical Center, 
Portland, were operated on for appendicitis consecutively by two 
pediatric surgeons and associated house staff using a standardized 
protoco.. One hundred fourteen (49%) of the cases were compli- 
cated: 25 by gangrene, 78 by perforation, and ten by perforations 
with well-developed abscesses. 

If the patient is considered to have perforated appendicitis 
before cperation, parenteral administration of ampicillin sodium 
(200 mg/kg/d), gentamicin sulfate (5 mg/kg/d), and clindamycin 
phosphete (40 mg/kg/d) is immediately begun. If unsuspected 
perforation is found or if the diagnosis of gangrenous appendicitis 
is made at the time of laparotomy, antibiotic therapy is begun 
intraoperatively. Peritoneal culture, appendectomy, and saline 
peritoneal irrigation are carried out, but transperitoneal drainage 


is not used. Skin and subcutaneous tissues are left open, and * 


wound dosure is performed by the fifth postoperative day with 
paper tape skin closures. Antibiotic therapy is continued for seven 
days. If the peritoneal culture is negative in a patient with 
gangrenous appendicitis and there is no clinical evidence of infec- 
tion, antibiotics are stopped. Patients are discharged after a 24- 
hour period of observation following cessation of antibiotics. 
Patients with perforations and well-defined abscesses are initially 
managec with triple antibiotic therapy for ten days with the 
intentior of performing an interval appendectomy at six weeks. If 
there is no improvement within 48 hours, appendectomy, trans- 
peritoneal drainage of the abscess cavity, and delayed primary 
wound cbsure are carried out. In these children, antibiotic therapy 
is continiaed for seven days postoperatively. 


RESULTS 


One mtra-abdominal abscess was the only infectious — 
complication in all three groups of patients with complicated 
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appendicitis. This abscess occurred in a 4-year-old patient 
with a perforated appendix in whom cultures taken fromthe 
abscess cavity yielded Escherichia coli, Streptococeus, 
enterococcus, and Clostridium. There were no wound infec- 
tions and no deaths. Other major complications were three 
cases of small-oowel obstruction that required operation 
and one case cf adult respiratory distress syndrome that 
required ventiktion. For this entire group of patients with 
complicated appendicitis, the rate of infectious complica- 
tions was 0.9%, and the overall morbidity was 4.4%. 

If only the 73 patients with perforated appenditicitis are 
analyzed, there was a 1.3% (1/78) incidence of intra-abdomi- 
nal abscess, and there were no wound infections. Of the ten 
patients with perforations and well-developed abscesses, 
four required urgent appendectomy and transperitoneal 
drainage after 48 hours of antibiotic therapy. The remaining 
six patients were treated successfully with antibiotics alone 
followed by iaterval appendectomy. In these ten patients 
there were mo wound infections and no recurrence of an 
intra-abdominal abscess. 

Peritoneal cultures were obtained in all cases of perfo- 
rated and gangrenous appendicitis. Fifty percent of the 
patients with gangrenous appendicitis had a positive cul- 
ture, with an average of two organisms per culture, while 
92% of the patients with perforated appendicitis had a 
positive culture, with greater than three organisms per 
culture. Cul-ure results for the perforated group are sum- 
marized in Table 1. 


COMMENT 


Early anacomists and artists clearly depicted the appen- 
dix in the 1&th century but the first descriptions of appen- 
dicitis were based on autopsy case reports in the 1700s. In 
1886, Regirald Fitz’ first used the term appendicitis and 
recommended early appendectomy. In 1901, Ochsner’ pre- 
sented 565 cases of appendicitis that he had treated from 
1891 to 190L His treatment consisted of immediate appen- 
dectomy for those with the onset of symptoms within the 
preceding 56 hours. For the remaining patients he delayed 
surgery usng “gastric lavage and rectal alimentation” until 
the patient had recovered from the acute attack. This 
resulted ir a mortality rate of 55.5% for 18 patients with 
diffuse peritonitis, 5% for 197 patients with gangrenous or 
perforatec appendicitis, and 0.33% for 368 patients with 
“beginning” or “recurrent” appendicitis. Morbidity statis- 
tics were not listed. 

In the 940s and 1950s, antibiotics were routinely added 
to seme treatment regimens for perforated appendicitis. 
Longino et al,*® in 1958, described 611 children with perfo- 
rated appendicitis treated with penicillin and streptomycin. 
They noted a 7.38% wound infection rate, a 9.4% intra- 
abdominal abscess rate, and a single fatality. Using the 
same ant*iotics in a group of 252 children with perforation, 
Boles et al‘ reported a 9.9% wound infection rate, a 15.5% 
rate of irtra-abdominal abscess, and a single death. Both 
sets of authers emphasized the need for prompt appendec- 
tomry and the benefits of antibiotic therapy. 

However, more than 70 years after Ochsner’s’ article, 
antibiotm therapy was still not accepted as a necessary part 
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of the treatment for perforated appendicitis. In 1974, Shan- 
dling et alë reported on the outcome of 550 children treated 
for perforated appendicitis at The Hospital for Siek Chil- 
dren, Toronto, of whom only 35% received antibiotics. In 
this series there was a wound infection rate of 18.5%, an 
abscess rate of 13.6%, and a 0.5% mortality rate. The 
authors concluded that there was no indication for antibiotic 
therapy in the treatment of complicated appendicitis since 
no statistical improvement in outcome could be identified 
over earlier reports that had employed antibiotics routinely 
(Table 2) The absence of a basic understanding of the 
microbiology of appendicitis and the lack of effective antibi- 
otics for anaerobic infections contributed to the confusion in 
these early studies. 

The experimental basis for the use of-triple antibiotic 
therapy derives from the work of Weinstein and colleagues.’ 
In their study, intra-abdominal sepsis was created by 
implanting capsules filled with cecal contents into the 
peritoneal cavities of rats. This model produced a two-stage 
infection; acute peritonitis caused primarily by aerobic 
organisms resulted in a 37% early mortality rate, while an 
abscess developed in all surviving animals, with anaerobes 
being the predominant organisms. Treatment with gen- 
tamicin alone reduced the acute mortality rate to 4%, but 
abscesses developed in 98% of the survivors. Treatment 
with clindamycin alone did not reduce the mortality rate 
from acute peritonitis, but an abscess developed in only 5% 
of the survivors. Clindamycin and gentamicin together 
yielded the best combined results, with a 7% early mor- 
tality rate and a 6% incidence of abscess (Table 3). In 
untreated rats, enterococcus was routinely recovered dur- 
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Table 3.—Experimental Intra-abdominal Sepsis* 


Early Death From Late Abscess 
Treatment Group Acute Peritonitis, % Formation, % 


Untreated rats 37 100 
Gentamicin sulfate alone 4 98 
Clindamycin phosphate alone 35 5 


Clindamycin and gentamicin 7 6 












*This table was compiled using data from Weinstein et al.® 


Table 4.—Reports of Triple Antibiotic Therapy 
for Perforated Appendicitis 


Source, y 


David Schwartz Karp 
et al,’ et al,'° et al," 
1982 1983 1986 


Present 


Complication Study 


No. of patients 82 143 88 78 
6.1 1.4 3.4 0 


Wound infection rate, % 


Incidence of 


abdominal abscess, % 49 0 ti 1.3 


ing the acute peritonitis stage and frequently was found in 
the abscesses.” 

Clinical studies have also demonstrated the importance of 
aerobic and anaerobic organisms. Brook® reported on the 
microbiology of 112 children with perforated appendicitis. 
In this study there was bacterial growth in 100 of the 112 
patients. A mixed aerobie-anaerobic culture was obtained 
in 66%, and a total of 144 aerobic and 301 anaerobic 
organisms were identified. These data are similar to our 
own, in which there was a 92% incidence of positive cultures 
in patients with perforated appendicitis and a 50% incidence 
in patients with gangrenous appendicitis. Of those with 
perforated appendicitis, there was combined aerobic-anaer- 
obic growth in 82% of the cases, and enterococcus was 
cultured in 7.7%. 

The use of triple antibiotic therapy consisting of am- 
picillin, gentamicin, and clindamycin is now generally ac- 
cepted. Three recent studies in addition to our own have 
used these antibiotics as the basis of a treatment regimen 
(Table 4). In 1982, David et al* reported on The Hospital for 
Sick Children’s more recent experience in treating 300 
patients with gangrenous and perforated appendicitis using 
triple antibiotics. For the 82 patients with perforation, 
antibiotic therapy diminished the abscess rate from 20.7% 
to 4.9% and the wound infection rate from 43.5% to 6.1%. In 
David and colleagues’ procedure, wounds were closed pri- 
marily, and selective drainage was employed. In 1983, 
Schwartz et al” reported on 143 patients with perforation 
treated with triple antibiotics, transperitoneal drainage, 
and primary skin closure. In these children there were two 
wound infections and four pelvic phlegmons. This resulted 
in a 4.2% infectious complication rate and an overall major 
complication rate of 7.7%. In 1986, Karp et al” analyzed the 
outcome of 88 children with perforated appendicitis using a 
protocol identieal to ours except for the addition of primary 
wound closure. In these children there were three wound 
infections and one intra-abdominal abscess, yielding an 
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infectious complication rate of 4.5% with a major complica- 
tion rate of 6.8%. 

These three contemporary reports and our own study are 
conclusive in showing that triple antibiotic therapy is the 
cornerstone of treatment of complicated appendicitis and 
significantly decreases the morbidity of this disease. What, 
then, are the roles of transperitoneal drainage, peritoneal 
irrigation, and wound closure? 

Transperitoneal drainage was not employed by Karp 
et al" or in the present study, whereas Schwartz et al” 
routinely used transperitoneal drainage. Baysian statis- 
tical analysis of these three studies for patients with 
perforations fails to identify any significant difference 
(P<.05) for abscess formation and therefore supports our 
contention that transperitoneal drainage is not necessary. 
Haller and colleagues” prospective double-blind study of 
this controversy also found that the use of drains did not 
significantly decrease the morbidity or mortality of perfo- 
rated appendicitis. In contrast, David et al? concluded that 
drainage statistically increased the incidence of abscess 
fronv0% to 5% in children with perforated appendicitis who 
were treated with triple antibiotics. However, all authors, 
including us, advocate the use of drainage for well-devel- 
oped abscess cavities. 

In Schwartz and colleagues” patients, a cephalosporin 
antibiotic peritoneal irrigation was used, while we and Karp 
et al” used saline solution. Since there is no statistical 
difference in outcome, we conclude that the use of antibiotic 
irrigant is unnecessary and costly. Several older studies 
have supported this conclusion but they were not under- 
taken in patients treated with triple antibiotics." 

Eighteen years ago Grosfeld and Solit® showed that the 
incidence of wound infection in perforated appendicitis 
could be decreased dramatically by using delayed primary 
wound closure. Stone and colleagues” review also sup- 
ported this conclusion. Despite these studies, controversy 
surrounds this technique. Schwartz et al” employed pri- 
mary wound closure around a transperitoneal drain, with a 
wound infection rate of 1.4%. Karp et al” also performed 
primary wound closure but in their study there were three 
wound infections that were the cause of one half of his major 
complications. Statistical analysis of wound infections in 
David and colleagues” group and ours yielded the only 
significant difference in outcomes. No statistical difference 
was found among the methods employed by Schwartz et al,” 
Karp et al," or us. However, in our hands, delayed primary 
wound closure has eliminated wound infection, and we 
believe this to be the technique of choice. 

The final component of our protocol is that children are 
observed in the hospital for 24 hours after antibiotics were 
discontinued. Birken and colleagues” recently analyzed the 
records of 87 children with perforated appendicitis and 
concluded that this observation period was unnecessary. 
Our review is in agreement with these findings. All compli- 
cations in this series were noted by the time antibiotic 
therapy was discontinued, and those with an uneventful 
hospital course could have been discharged without an- 
additional 24 hours of observation. The three patients with 
small-bowel obstruction had been discharged and were 
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subsequently readmitted. Accordingly, we have revised our 
protocol and have begun discharging patients when the 
antibiotic eours: has been completed. 

This standardized treatment regimen for complicated 
appendicitis prevents wound infections and significantly 
decreases the incidence of intra-abdominal abscess. Its 


essentials are the following: (1) triple antibiotic therapy 
begun before or during operation, (2) saline peritoneal 
lavage, (3) transperitoneal drainage only for well-developed 
abscesses, and (4) delayed primary wound closure. In our 
opinion this should be the current standard of care. 
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Discussion 


RoBEET J. TOULOUKIAN, MD, New Haven, Conn: Recognizing 
the importance of anaerobic wound infection and the effectiveness 
of preoperative or intraoperative coverage with clindamycin or 
metronidazole in children with gangrenous or perforated appen- 
dicitis is the keystone to the standardized treatment regimen 
described. 

The study also emphasizes the importance of assuming the 
potential for .naerobic infection in every patient with gangrenous 
or ruptured appendicitis and implementing therapy before culture- 
positive confirmation becomes available. I concur completely with 
saline soluti@ peritoneal lavage and transperitoneal drainage as 
the seeond and third arms of the treatment protocol but have 
employed prmary wound closure routinely in children with gan- 
grenous appendicitis because the wound infection rate is only 5%. 

The second interesting subgroup discussed is the ten patients 
with a welldeveloped abscess, treated by antibiotic therapy, 
drainage, ard interval appendectomy. Failure to achieve control of 
infection in sour of the ten patients in this series would encourage 
me to abancéon this approach in favor of routine early intervention 
with appeneectomy and drainage. 

Presperative triple antibiotic coverage should minimize, if not 
eliminate, the historical risk of overwhelming sepsis during the 
drainage procedure. Perhaps the authors would also comment on 
that. 

I doubt -his study will end the controversy surrounding the 
managemeat of complicated appendicitis, but all here are grateful 
to the authors for this presentation, which should make each of us 
take a more critical look at the treatment of our own patients. 

Roser £. Foster, Jr, MD, Burlington, Vt: I have one question 
for the au‘hors, and that is about the volume of the peritoneal 
lavage used. Could they tell us the volume they used and what the 
rationale Hr that volume was? 

WLLAED C. JoHNson, MD, Boston: I commend the authors on 
their prospective study of complicated appendicitis. My comments 
are relatee to the ten patients who had an abscess and in whom they 
preferred to delay operative treatment. In an adult population at 
the Boston Veterans Administration Medical Center, we have seen 
six patierts who presented with a seven- or eight-day history of 
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abdominal pain, recent fever, and a right-lower-quadrant mass. 
Computed tomography demonstrated a well-defined abscess in 
half of the patients, but the other half had a phlegmon. Those with 
the phlegmon were treated with only antibiotics, and their inflam- 
matory process resolved. Those with an abscess were successfully 
treated with percutaneous drainage. In our experience in the adult 
population, all patients with complicated appendicitis and an 
inflammatory mass in the right lower quadrant avoided the need 
for emergency operative intervention. I would like the authors to 
comment on whether or not our treatment program in adults with 
phlegmons and abscesses could be extended to children and 
whether they have had experience with computed tomography to 
characterize complicated appendicitis in children. 

Dr Dippins: Why did we delay in draining abscesses? We 
selected a small group of children with abscesses that were 
palpable or well defined by ultrasound who were febrile and 
moderately ill but not toxic, and we treated them with antibiotics 
alone. The reason we chose to do this is that when we have operated 
on children like this primarily, we have found them to be hectically 
ill in the acute postoperative period because of spillage into the 
peritoneal cavity. We believe their total course is smoother with 
this approach. The total length of time for antibiotic treatment and 
interval appendectomy has been 16 days, while the time for 
perforated appendicitis treated primarily has been nine days. It 
does cost hospital time. We have not used computed tomography in 
any of these children, as ultrasound has been a satisfactory and less 
expensive technique. 

Would we do a prospective randomized study on delayed primary 
wound closure? I think one of us will close wounds and the other one 
will not. There will be a little bit of each surgeon put into the 
control. Is there a risk of drainage? Haller and eolleagues”™ double- 
blind study a number of years ago suggested that drainage caused 
more problems, and, therefore, we have eliminated this technique 
because we do not believe it is helpful. 

How much irrigation do we use? Enough to get the pants of 
the operating surgeon wet as it runs off the table. It is probably 
about 1 L. 
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Adult Human Vascular Endothelial Cell 
Attachment and Migration on Novel 


Bioabsorbable Polymers 


Jonathan E. Hasson, MD; Deborah H. Wiebe, MS; William M. Abbott, MD 


e We studied the ability of polymers from which vascular 
prostheses (VPs) are or could be fabricated to support attach- 
ment and migration of adult human vascular endothelial cells 
(AHVECs) in an in vitro system. Polymers included Mylar, 
Teflon, two novel bioabsorbable polymers with different bio- 
logic half-lives (BR1 and BR2), and an elastic nonabsorbable 
biocompatible polymer (EBN). Both BR1, BR2, and EBN sup- 
ported AHVEC attachment well (56%, 62%, and 71%, respec- 
tively, of plated celis at one hour, respectively) but differed in 
their ability to support ARVEC migration. The AHVECs at- 
tached less well to Mylar and Teflon (39% and 21%), and in no 
case were AHVECs observed to grow or migrate on either of 
these polymers. This finding correlates with the clinical obser- 
vation that VPs fabricated from Mylar and Teflon uniformly fail 
to develop an endothelial cell lining after implantation in vivo. 
Future VPs, fabricated from materials chosen for their ability to 
support AHVEC attachment, growth, and migration in vitro, 
might better support a spontaneous endothelial cell lining 
after implantation in humans. 

(Arch Surg 1987;122:428-430) 


acts vascular prostheses (VPs) do not develop an 
endothelial lining after implantation in humans. In the 
absence of such a blood-compatible lining, VPs remain 
thrombogenic for indefinite but clinically prolonged peri- 
ods, with resulting poor patency rates. We have hypoth- 
esized that this failure of endothelialization is due to an 
intrinsic defect in the ability of prosthetic surfaces to 
optimally support the attachment, growth, and migration of 
host endothelial cells.’ 

We have previously developed reliable assays’’ with 
which to measure attachment, growth, and migration of 
adult human vascular endothelial cells (AHV ECs) and have 
used these assays te systematically define those surface 
properties” that might optimize the above parameters. 

In this study, we explored the ability of certain polymers, 
from which VPs are or could be fabricated, to support 
AHVEC attachment. growth, and migration. 


METHODS 
Cell Culture 


This study used AHVECs of human saphenous vein origin. The 
culture techniques used have been previously described in detail.™ 
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Briefly, discarded segments of saphenous vein were transported 
frora the operating room to the laboratory in chilled medium 199, 
canrulated and flushed to remove excess blood, distended with 
0.1% CLS II collagenase, and incubated for 15 minutes at 37°C with 
batk ends occluded. The effluent was centrifuged for five minutes 
at 180 g, and the pellet was resuspended in complete medium 
(mecium 199, 20% fetal calf serum [FCS], 100 U/mL of penicillin, 
100 ng/L of streptomycin, 300 mg/L of heparin sodium, and 
10 .L/mL of a salt extract of bovine retina [prepared by the method 
of Glaser et al’ and D’Amore and Klagsbrun*]). Harvested cells 
wereplated in one well of a 24-well dish, which was precoated with 
1% gelatin for one hour. Cultures were fed three times per week and 
incukated in a 5% CO,-air atmosphere at 37°C. Cultures were 
passed at split ratios of 1:2 to 1:4 and were used between the third 
ance sixth passages. Cells formed monolayers exhibiting the poly- 
goral morphology of endothelium and were identified as such by 
immunofluorescent staining for factor VIII-associated antigen by 
meens of the method of Jaffe et al.’ 


AHVEC Attachment 


The attachment assay used has been described in detail previ- 
ously.* Briefly, confluent cultures of AHVECs were incubated for 
48 hours with 5 »L/mL of tritiated thymidine (6.7 Ci/mmol) added 
to the culture medium. At 48 hours, the medium was aspirated, and 
cells were washed three times. Labeled AHVECs were released 
from calture plates with trypsin/EDTA, and the washed labeled 
cells were plated at a density of approximately 30 000 to 50 000/em* 
into wells of a specially designed apparatus, the bottom of which 
was ‘o>med by a desired test surface (Figure). After one hour, 
unattaehed cells were aspirated, and the wells were washed three 
times. Attached cells were hydrolyzed and recovered in 0.2 mL of 
0.3 mořL of sodium hydroxide (NaOH). This aliquot was added to 
5 mL o? scintillation fluid and counted in a B-counter, as attached 
activity. Control aliquots of cells placed in 1-mL Eppendorf tubes 
were velleted, and 200 L of 0.3 mol/L of NaOH was added to the 
pellet; “his was counted as plated activity. Attachment was ex- 
pressedas the ratio of attached (A) to plated (P) cells (A/P x 100%). 


AHVEC Migration 


We hawe previously described an assay to measure the migration 
of AHV 2Cs.! In brief, a stainless steel disk with a central hole 
bounded by a rubber O-ring (Buna-N) was used as a “fence” to 
constraia an initially confluent AHVEC culture to a circular area of 
62 mm*. Disks were placed on 2.54-cm (l-in) diameter circles of test 
materials, and approximately 300 000 to 400 000 cells were plated in 
the centers of the disks. The cells were allowed to attach for four 
hours, at which point unattached cells were aspirated. Removal of 
the disxs resulted in circular confluent AHVEC cultures growing 
on the test surfaces. Cultures were fed normally for seven days, 
during wnich cells could migrate radially. At seven days, the cells 
were washed gently and stained with Giemsa stain. The circular 
area covered with stained cells was easily visible to the naked eye 


and was traced with a sharp pencil. The area of cell coverage was p 


digitized using a Graf-pen analyzer and expressed in square 
millimese”s. 
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Specimen 





Apparatus used to measure adult human vascular endothelial cell 
attachment on test surfaces. 


Test Surfaces 


Faleonized tissue culture, which was plastic coated with 1% 
gelatin, wa» used as a control. Both Mylar, used to fabricate Dacron 
grafts and “eflen, used to fabricate polytetrafluoroethylene grafts, 
were used in sheet form. Two proprietary bioabsorbable polymers 
with different biologic half-lives (BR1 and BR2) and an elastic 
biocompatible nonabsorbable (EBN) polymer were also used. All 
test surfaces were nontextured. 

Surfaces-were cut into 1 x 3-in rectangular pieces for the attach- 
ment assay and into 2.5-cm-diameter circles for the migration 
assay: Befcre use or gelatin coating, the polymers were sonicated 
in detergent (Spar-Kleen), rinsed thoroughly, and deubly soni- 
cated with 18-megohm deionized filtered water. 

Results were analyzed using one-way analysis of variance 
(ANOVA). 


RESULTS 


The Taole shows AHVEC attachment and migration on 
the various test surfaces. Attachment varied significantly 
on the surfaces tested (P<.01, by one-way ANOVA). At one 
hour, attachment of AHVECs was significantly greater to 
gelatin, BR1, BR2, and EBN than to either Mylar or Teflon 
(P<.01). Measured AHVEC attachment to Mylar was also 
greater tnan to Teflon (P<.01). 

Substantial differences in AHVEC migration also oc- 
curred on the test surfaces (P = .001, by one-way ANOVA). 
Of the surfaces tested, only gelatin supported substantial 
AHYVEC migration, with an increase in colony size (from 
62 mm’ a: day 0) of approximately 100%; this difference was 
significautly greater than on BR1, BR2, and EBN (P<.01). 
Colony sze of AHVECs did increase slightly on BR1, while 
colony size remained unchanged on BR2; this difference was 
significant by the one-tailed paired t test (P=.047). At 
seven deys, the area of the residual AHVEC colony de- 
creased >y approximately 50% on EBN. Migration on BR1 
and BRé was greater than on EBN (P<.08). 
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Attachment and Migration of AHVECs on Test Surfaces* 


1% 
Mylar Teflon BRI BR2 EBN Gelatin 


Attachment 
% 


No. of test wells 


Migration 
Area coverage, mm? 0 


No. of disks 


*AHVECs indicates adult human vascular endothelial cells; BF1 and BR2, 
bioabsorbable polymers with different biologic half-lives; and EBN, elastic 
nonabsorbable biocompatible polymer. Values shown are mean+1 SD. 
(Attachment of tritiated thymidine—labeled AHVECs was measured at one 
hour, and area coverage was at seven days, with an initial area of 62 mm*.) 


Of interest is the observation that in no experiment were 
cells ever present at seven days on Mylar or Teflon (by mi- 
croscopic or macroscopic examination). 


COMMENT 


We have hypothesized that VPs do not endothelialize 
after implantation in humans because of some intrinsic 
defect in their luminal flow surface,’’ this defect being the 
inability to support continued endothelial cell attaehment, 
growth, and migration. We, therefore, think that te design 
a VP surface that supports endothelial cell (EC) coverage 
after implantation in vivo, one must first ascertain which 
substrate surface properties are optimal for EC attach- 
ment, growth, and migration in vitro. 

We chose AHVECs as the most relevant cell type and 
have used cells of saphenous vein origin because of their 
easy availability. Using assays to measure AHVEC attach- 
ment and migration, we have previously investigated the 
effect of extracellular matrix proteins coated on standard 
tissue culture plasticware on AHVEC attachment and 
migration.’” With the apparatus shown in the Figure, we 
can now measure AHVEC attachment on any general test 
surface. We have, therefore, as an initial step, studied the 
ability of some base polymers (from which VPs can be made) 
to support AHVEC attachment, growth, and migration. 

For tissue culture plastic-coated with 1% gelatin, attach- 
ment at one hour and migration (area coverage) at seven 
days were 62% and 115 mm’, respectively. These values are 
consistent with our previously published results for this 
substrate (60%? and 129 mm’,’ respectively). 

The attachment and migration of AHVECs seemed to 
vary inversely on EBN, BR2, and BR1. While this kind of 
relationship between EC attachment and migration has 
been reported’ and could be important, our results serve to 
illustrate that a surface that maximizes AHVEC attach- 
ment may not be optimal when parameters such as cellular 
migration are considered. Whereas AHVECs attach well to 
EBN, they migrate poorly, suggesting the existence of 
different physiologic events, which require further study. 
Thus, a VP whose surface was chosen to support maximal 
AHVEC attachment would not, of necessity, be expected to 
support endothelial coverage after implantation. 

The data show that in vitro, Mylar and Teflon support 
minimal AHVEC attachment but are clearly unable to 
support continued AHVEC growth and migration. This in 
vitro behavior correlates well with the observation that 


Endothelial Cell Attachment—Hasson etal 429 








. ` x N 7 i 4, s- 
> Y k Q 
si Ea ae ~ 1 " 
a! ` À . 7 d x « 5 
: * e Eo =y + TA 


ù >it % i aT, 
G er SPA STE 
. 2 <4 J 


VPs fabricated from Dacron or Teflon uniformly fail to 
endothelialize in vivo and suggests the importance of evalu- 
ating future prosthetic materials for their ability to support 
AHVEC attachment, growth, and migration in vitro. 
Vascular prostheses in humans can develop an endothelial 
lining in one of three ways: (1) ingrowth of AHVEC from 
proximal and distal host vessels, (2) transmural ingrowth of 
capillary or small-vessel host ECs, or (3) growth to con- 
fluence of autotransplanted (seeded) AHVECs. Given pub- 
lished rates of human AHVEC migration,'” coverage of a 
VP of clinically relevant length (60 to 100 em) by cellular 
ingrowth from the edges would take too long to be of clinical 
use. Thus, if a VP is to endothelialize after implantation, 


X E _ coverage must occur by the second or third mechanisms. In 
= either case, a VP surface must support optimal EC attaeh- 


ment and migration. Optimal cell attachment is clearly 
necessary for efficient EC autotransplantation. The ability 


of a VP surface to support maximal EC migration is im- 


portant if confluent EC coverage occurs by transmural EC 
ingrowth (in which ECs reaching the VP lumen must then 
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migrate radially across the VP surface), and is particularly 
important for EC autotransplantation (in which sparse EC 
colonies must enlarge radially until adjacent ones coalesce). 

In tiis study, bioabsorbable polymers seem to better 
support attachment and migration of AHVECs in vitro. 
Whether VPs that are partially or completely fabricated 
from Hoabsorbable polymers will support confluent EC 
coverage in vivo remains to be seen. Rather, our data should 
be viewed as demonstrating that surfaces do exist with the 
potential of promoting AHVEC growth to a greater degree 
than de those polymers (Mylar and Teflon) in current use. 
Indeed, Mylar and Teflon appear to be particularly poor 
substretes to support AHVEC attachment and migration. 
We suggest that VPs be fabricated from materials chosen 
for the r ability to support AHVEC growth, attachment, 
and migration in vitro. Such prostheses might better sup- 
port a spontaneous endothelial lining after implantation in 
humans. 


This stady was supported in part by research grant HL-34780 from the 
National Institutes of Health, Bethesda, Md. 
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Discussion 


ALLAN D. CALLow, MD, Boston: This is a very important 
article. I congratulate the authors on their choice of the human cell 
rather than another species, for it has been well demonstrated that 
the human EC is substantially different. Grafts in dogs, for 
example, do reendothelialize. In discussing what happens to the 
seeded EC, however, I find it difficult to believe that a vascular EC 
can find a hospitable environment resting on a piece of plastic. In 
our study and other studies, it has been demonstrated that the EC 
undergoes substantial and somewhat insidious changes in an 
abnormal environment. A few of the factors are procoagulant as 
well as anticoagulant, and there are substances that may inhibit or 
stimulate the growth of smooth-muscle cells. A single EC has its 
luminal surface above and its abluminal surface below. In the 
natural state, there is a basement membrane, an extracellular 
matrix with its many components, and the vascular smooth-muscle 
cell. Under some conditions, it is possible for a number of expres- 
sions of a deleterious nature to be induced by the EC. 

I have two questions. Having demonstrated migration of the 
cells to the point of limitation of the field in which they are growing, 
do these cells continue to grow once they have reached confluency, 
that is, can they replace themselves if damaged? Second, have you 
been able to examine the function of these cells once they have 
covered the surface? 

GEORGE H. A. CLowss, JR, MD, Boston: This article brings 
back memories of long ago when we were working on blood 
interface mechanisms in relation to artificial heart and lung 
devices. The matter of surface tension came up at that time, which 
has been alluded to by the authors. They point out that cells do not 
stick at surface tensions that would be considered “biocompatible” 
or nonthrombogenic. Therefore, if a surface is nonthrombogenic, 
nothing happens in the way of endothelialization. On the other 
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hand, at surface tensions when the cells stick, platelets also stick. 
Therefore, this nice graft surface in which the EC may adhere also 
encourages the formation of clot. Thus, a graft with such a surface 
may not be ideal for placing into a patient. I would like to know how 
the perernial graft problem is being solved. 

Dr Hasson: Dr Callow has raised some important issues. As to 
his first point, I agree that theologically, ECs were not designed to 
grow on plastic. The problem of designing a VP surface that will 
support a stable functioning endothelial lining after implantation 
in vivo is 20 simple matter, and I think it is very clear that we must 
consider a panoply of important endothelial functions. There is a 
lot of experimental evidence that suggests that the surface on 
which the cells grow strongly affects their subsequent function. 
This is manifested by many parameters, such as expression of 
proto-oncogenes, which code for growth factor-like peptides, 
prostacyc-in secretion, matrix production, and secretion of many 
other faccors. We have begun using some immunofluorescent 
techniques to study the EC expression of some very important 
antigens, dut this work is still preliminary and has to be addressed 
in depth in future studies. 

Dr Clowes has hit on a thorny issue. We have been choosing graft 
surfaces for their nonthrombogenicity, and it should not really 
come as a surprise that cells (platelets or ECs) do not stick to them. 
In a larger sense, if we really desire a VP to support EC coverage, 
we have b2en using the incorrect design criteria. I would suggest 
that we should be implanting VPs fabricated from materials chosen 
to maximzze EC adherence. If such materials are (as I would 
suspect) thrombogenic, they may have to be protected from 
thrombosis for acritical period until EC coverage is complete. This 


graft interaction even more important. 
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Neurologic Sequelae With 
Internal Carotid Artery Occlusion 


Glenn M. LaMuraglia, MD; R. Clement Darling, MD; David C. Brewster, MD; William M. Abbott, MD 


è A retrospective review of the clinical course surrounding 
internal carotid artery occlusion (ICO) was undertaken in 97 
patients with 106 instances of ICO. No neurologic symptoms 
could be attributed to more than half of the ICOs. Of the 52 
symptomatic occlusions, 19 (37%) were associated with tran- 
sient ischemic attacks and 33 (63%) with fixed strokes. Only 
10% of all patients had permanent disabling neurologic se- 
quelae. There was no correlation between development of 
neurologic symptoms and the side of the ICO, the presence or 
severity of contralateral carotid artery disease, or other risk 
factors. Women, however, were twice as likely as men to 
develop a fixed stroke with ICO. Seventy-six of these patients 
underwent reconstructive carotid surgery. Although there was 
a high rate of abnormal intraoperative findings with electroen- 
cephalographic monitoring (32 of 62 cases), with the use of 
intraoperative shunts there was no increase in the postopera- 
tive stroke complication rate (1.8%). These data suggest that 
the concern that ICO leads to serious fixed neurologic deficits 
may be overestimated, and that its presence does not ad- 
versely affect carefully performed contralateral carotid endar- 
terectomy. 

(Arch Surg 1987;122:432-435) 


icon. endarterectomy is the most commonly per- 
formed major noncardiac vascular operation in the 
United States.’ The value of this prophylactic operation for 
the prevention of stroke has become one of the more 
controversial areas in vascular surgery.”* Although there 
are numerous subgroups of patients with extracranial cere- 
brovascular disease, one major rationale for the surgical 
treatment of patients with internal carotid stenosis is to 
prevent progression to luminal occlusion. 
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Although there have been prospective studies and re- 
views of the medical and surgical*® treatment and the 
prognosis*™” of patients with internal carotid artery occlu- 
sion (ICO), little is known regarding the neurologic state of 
the patient when the ICO occurs. 


PATIENTS AND METHODS 


A retrospective review was undertaken for patients with unilat- 
eral or bilateral ICO referred to the vascular service at the 
Massachusetts General Hospital, Boston, between 1977 and 1986. 
There were 97 patients with 106 instances of ICO identified by 
angiography (96%) or by vascular laboratory criteria alone (4%). 
Data were obtained from chart review and when possible by 
physical examination. 

Permitting three to four months from the time of stroke for the 
stabilization of neurologic symptoms, patients were categorized 
into four groups: (1) resolved, no neurologic sequelae; (2) minimal, 
a minor deficit that can be elicited with careful inspection; (3) 
moderate, a deficit that compromises the patient’s daily activities 
or aphasia; (4) severe, a neurologic deficit that renders the patient 
incapable of independent living. 

Transient neurologic symptoms, including monocular blindness, 
that resolved within an hour were classified as transient ischemic 
attacks (TIAs). Patients who had no evidence or history of neu- 
rologie deficit were classified as having asymptomatic occlusions. 
Statistical analysis was performed using x? analysis, when appro- 
priate. 


RESULTS 


There were 62 men (average age, 65 years) and 35 women 
(average age, 64 years). No neurologic symptoms could be 
attributed to the demonstrated ICO in more than half (54) of 
the total 106 instances of ICOs (Table 1). Of the 52 sympto- 
matic occlusions, 19 (37%) presented as ipsilateral TIAs. 
The remaining 33 (63%) were associated with fixed strokes. 
After categorizing patients with fixed strokes, 23 patients 
(69%) had minimal symptoms, most of whieh resolved 
within three months, and only ten patients (31%) continued 
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Table 1.—Neurologic Sequelae 
No. of No. of 


% of Total 


Patients Occlusions Occlusions 


Asymptomatic 5 54 51 


4 
Ipsilateræ transent 
ischemic atteck 19 


Ipsilatere! 
stroke 33 


19 18 
33 31 





Table 2.—Patient Characteristics 


No. (%) of Patients 


Lee 


Stroke (n=33) No Stroke (n=64) 
Risk Factors 
Cigarette smoking 24 (73) 51 (79) 
Hypertensien 19 (56) 43 (67) 
Diabetes rrsilitus 8 (24) 10 (16) 
Hyperlipidenia 2 (6) 7 (11) 





15 (24) 
18 (51)* 


47 (76) 
17 (49) 


16 (31) 
17 (31) 


35 (69) 
*P= 07. 


to manifest significant deficits. Thus, in this select group, 
only 1% ef these patients had disabling neurologic 
sequelae. 

Analysis was undertaken stratifying the patients based 
on the side of the ICO, age, and the vascular risk factors 
(cigarette smoking, hypertension, diabetes mellitus, and 
hyperkpidemia) (Table 2). However, none of these factors 
correlated with the development of fixed neurologic defi- 
cits. Attention was also given to the contralateral carotid 
artery and the presence and severity of atherosclerotic 


4 disease. Although the severity of the stenosis was not 


knowr for the opposite carotid system at the time of 
occlusion, the stenosis noted at the time of presentation had 
no influence on neurologic sequelae. The only variable that 
significantly (P=.01) correlated with the development of 
neuro ogic sequelae was sex (Table 2). Although men out- 
numbered women by a factor of 2, they only had a 24% 
likelitood ef developing a stroke. Women had a 50% chance 
of developing a fixed stroke with ICO. 

Seventy-six patients underwent reconstructive carotid 
surgery (Table 3). Twelve patients had ipsilateral external 
carotid enearterectomy, 56 had contralateral carotid endar- 
terecsomy and eight had emergent ipsilateral thromboen- 
dartereetamy for acute symptomatic ICO (six after carotid 

_endartere-tomy, one after angiography, and one after pe- 


HX ripheral bypass surgery). Electroencephalographic (EEG) 


monitorinz was utilized when possible and demonstrated 
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Table 3.— Surgery Performed on Patients With Previous 
internal Carotid Artery Occlusion 


No. of Patients 








Stroke No Stroke 












Carotid Endarterectomy 


Ipsilateral 
External 


Thromboendarterectomy 
Contralateral 
Total 






changes indicative of cerebral ischemia with carotid clamp- 
ing in 32 of 62 cases. Intraoperative shunting was per- 
formed in 54 cases without complications. Only one post- 
operative stroke complication was identified (1.8%) in a 
patient with ICO undergoing contralateral carotid endar- 
terectomy. 


COMMENT 


Although the indications for carotid endarterectomy are 
varied, their basic premise features the relief of ocular and 
cerebral ischemia or emboli and the prevention of cerebral 
infarction from carotid disease. This is clear inpatients with 
neurologic symptoms attributed to or augmented by ante- 
rior extracranial vascular disease.” Although controver- 
sial, in some instances the indications have been broadened 
to include asymptomatic patients thought to be at a high 
risk of stroke because their high-grade internal carotid 
artery stenosis would likely progress to total occlusion.” 
The rationale in this group of patients is to avoid ICQ, which 
has been described in the neurologic and pathologic liter- 
ature as being associated with significant morbidity. 
These studies have found a 55% to 76% rate of moderate to 
severe neurologic sequelae; in one series, 78% of patients 
with ICO at postmortem examination had evidence of 
associated cerebral infarction. Because these series were 
from neurology or pathology services, where patients are 
primarily referred for neurologic problems or complica- 
tions, they suffer from a different patient selection bias 
than ours. In these series, the actual clinical significance of 
the problem is probably overestimated, although in our 
series it may be underestimated. Some of our patients were 
referred for other more pressing vascular problems, and the 
ICO was an incidental finding. 

The indications for carotid endarterectomy in patients 
with contralateral ICO included 19 asymptomatic and 37 
symptomatic patients with moderate to severe stenosis at 
the carotid bifurcation. Eleven from the former group were 
in the process of being evaluated for aortic surgery, and 
none suffered postoperative neurologic sequelae. The one 
postoperative stroke from a symptomatic, contralateral, 
carotid endarterectomy (1.8%) confirms previous observa- 
tions” that contralateral ICO does not increase the inci- 
dence of neurologic complications with carefully performed 
carotid surgery. 

The value of the routine use of EEG in this group of pa- 
tients is debatable, since EEG changes developed in 52% 
of the carotid operations monitored. This necessitated 
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frequent use, without any associated morbidity, of an intraop- 
erative shunt. This suggests that the routine use of an intra- 
operative shunt would be indicated in these patients, espe- 
cially if no EEG were available. However, the EEG may still 
verify the adequacy of cerebral circulation during shunting. 

The only variable contributing to neurologic sequelae 
that demonstrated statistical significance was sex. Al- 
though in this series the rate of ICO is 1.8 times more 
prevalent in men than women, there was a significantly 
higher ratio of women suffering s stroke associated with 
their ICO. This would indicate that treatment for preoc- 
clusive extracranial carotid disease should be undertaken 
more aggressively in women. 





In summary, our observations in this select group demon- 
strate that two thirds of the patients with ICOs were 
asymptomatic or had only a limited TIA. Thus, the previ- 
ously reported concerns that ICO leads to a serious, fixed 
neurologic deficit may be overestimated. Therefore, sur- 
gery for asymptomatic carotid stenosis, especially in men, 
needs to be balanced with the patient’s other risk factors 
and the individual surgeon’s complication rate. On the other 
hand, under controlled conditions, carotid endarterectomy 
can be safely performed even in the presence of ICO. 


We thank William Reid and JoAnne Monahan for their help with the study. 
The editorial comments of Martin Prince, MD, are also appreciated. 
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Discussion 


RupoLPH W. VoLLMAN, MD, Jamaica Plain, Mass: Dr Darling 
and his colleagues have demonstrated in this very important 
clinical report that carotid stenosis leading to total occlusion 
earries a 30% total stroke rate and a 10% risk of a permanent 
disabling frank stroke. In addition, they have documented, as we 
did several years ago (Arch Surg 1979;114:1232-1239), that the 
contralateral carotid may be operated on safely with minimum 
morbidity and mortality if an indwelling shunt is used for cerebral 
protection, as evidenced by ischemic changes on intraoperative 
EEG monitoring in over50% of the cases. Their 1.8% postoperative 
stroke rate, when operating on 75% of the patients they saw with 
an ICO, is an enviable cne. 

It is important to realize that until ten years ago, many of these 
patients were classified as inoperable by our neurologic colleagues 
because of their diffuse extracranial and intracranial cerebro- 
vascular disease, which led to an unacceptably high perioperative 
morbidity and mortality. However, the evidence presented herein 
has again made it clear that these patients are operable and may 
benefit with long-term functional results and recurrent stroke 
prevention. 

JOHN SHILLITO, JR, MD, Boston: I think the neurosurgeon looks 
on himself as the advocate of the end-organ of all this, the brain. I 
would make a plea for considering the circle of Willis, which I have 
not heard mentioned in the last half hour. If a person has a major 
stenosis of a carotid artery, and study shows that there is neither 
an anterior cerebral nor a posterior cerebral artery feeding that 
side, you can predict that the next thing is going to be a disaster. 
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My message is to study the intracranial circulation, if necessary by 
selective carotid studies, to assess the importance of the stenotic 
artery. 

ALFRED V. Persson, MD, Burlington, Mass: With most things 
in life, there is both good news and bad news. The good news is that 
when you see patients with total occlusion of the internal carotid 
artery, the situation is not hopeless; we need to treat them like real 
patients. You can operate on them and do the other things that are 
necessary. The bad news is that they still have atherosclerosis, and 
they can have another stroke. We reported a similar study in Monte 
Carlo last year, recently published in Surgical Clinics of North 
America. The difference from this study is that we identified 125 
patients as if they had come to the office on a single day and ignored 
how long they had the total occlusion; we treated that fact as a risk 
factor like hypertension or diabetes. We then followed them up 
prospectively for four years. Our numbers are similar to yours, but 
it is interesting that only two of our patients had a stroke on the 
side of the total occlusion. One had a cholecystectomy and trouble 
with anesthesia. He had a prolonged hypotensive episode and 
awoke with a stroke. The other patient developed a series of TIAs 
and then a stroke. A computed tomographic scan showed metasta- 
sis of carcinoma of the pancreas. All the other neurologic events 
occurred in the watershed area of the opposite carotid artery. Since 
we were following up these patients prospectively, we had a 
baseline. We were able to show that all the patients who developed 
symptoms had progression of disease. There were other patients | 
who had progression of disease but remained asymptomatic. My 
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message is to follow up these patients because many of them will 
get into trouble they still have atherosclerosis. I would urge the 
authors to begie a new study because, as we know, if you do not 
want to make mistakes in the future, you study history. But you 
will only know if you were correct if you write down your 
conclusions and then see what the future brings. 

ALLAN D. CaLLow, MD, Boston: I do not wish to talk abeut the 
characteristics or the specifics of this particular report except to 
say that Isuppert it and, indeed, support any effort that rigerously 
examines indicttions for carotid endarterectomy. We may have 
become too liberal. From the national perspective, let me describe 
some of the preblems. 

One metropelitan community report, summarizing experience 
with caretid endarterectomy from 16 hospitals and 431 operations, 
presented a cumu ative operative stroke rate of 8%, a mortality of 
2.8%, ard, in pacients undergoing operation for asymptomatic 
plaque, astroke rate of 7.7% and a mortality of 3%. Fifty percent of 
these operatims were for asymptomatic carotid disease. Carotid 
endarterectomy has gone from a frequency of 15000 in 1971 to 
103 000 im 1986, excluding federal hospitals. Extrapolating figures 
from various “eœ onal studies, Wasserman of the National Medi- 
care Advisory Service estimates that, corrected to 1985-dollars, 
$15.9 to $26 billion in direct or indirect costs were created for 
dealing with patients with stroke. 

JOHN A. Manwick, MD, Boston: I think that it would be a little 
premature to-conclude that ICO is a totally benign process, and I 
am sure the authors did not mean to indicate this. What they have 
shown is that about one third of the patients who have an ICO in 
their case graup zo on to have a completed stroke. Now, certainly, a 
number of peopl: recover good function after a completed stroke, 
but I deubt that any of us here would conclude that having a stroke 
is really gooa for you. So, a one-third stroke rate in this group is 
hardly anything to be washed away as being insignificant. I think 
they have abo shown that it is perfectly possible to operate on 
patients whc have this severe degree of carotid disease, with a very 
low mortality and morbidity rate. The problem is that this low 
mortality ard morbidity rate is not universal. I think that we are 
really obligated to be sure that if we do offer prophylactic carotid 
endarterectemy to prevent carotid occlusion, the operative mor- 
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tality and morbidity are appropriately low in our own hands. 

Jonn J. SKILLMAN, MD, Boston: I commend the authors on a 
fine retrospective study of the problem of ICO. It is striking how 
benign a problem the authors found it to be. If one considers that 
we do not know the denominator of this problem, it is possible that 
the true incidence of severe neurologic deficits from ICO is even 
lower than what they found. The authors have shown a very 
enviable perioperative stroke rate in dealing with these patients. 
Although some have indicated that carotid endarterectomy in 
patients with a contralateral ICO can be done with a stroke rate to 
equal that for patients who do not have a contralateral occlusion, 
other authors suggest that the perioperative stroke rate is higher 
in such patients. 

That operations on the carotid artery can be dene with a low 
morbidity and mortality raises the question, in comparison with 
what? For example, the only controlled randomized trial of 
asymptomatic carotid stenosis of which I am aware was published 
by Clagett and his coauthors in Surgery; it was a small trial in a 
relatively few patients, but showed that in patients with oculo- 
plethysmograph-positive lesions who were completely asympto- 
matic, aspirin treatment had a more favorable outcome than did 
surgery. Questions about the role of carotid surgery can really only 
be answered by carefully thought out and performed prospective 
randomized trials. A trial of symptomatic middle cerebral TIAs, in 
which aspirin will be compared with operation, is being proposed 
currently by Dr Barnett of western Ontario. I am committed to 
that trial. 

Dr DARLING: Our study of complete ICO is continuing through 
my office. Obviously, we see a select group of patients, but it can be 
said that ICO may be associated with no neurologic event in half of 
our patients, although computed tomographic scans were not 
universally obtained. In my experience, half of the remaining 50%, 
or 25% of ICOs, were associated with only a single TIA. And of the 
remaining 25% of patients, half had a stroke that cleared within 
three months. The question, then, remains: If two thirds of 
patients with ICO remained asymptomatic, how many really 
needed the carotid surgery? If only 10% had a real stroke with ICO, 
as might occur with a failed carotid reconstruction, how much 
control of quality really exists? 


In Other AMA Journals 


ARCHIVES OF NEUROLOGY 
Magnetic Resonance Imaging of the Spine in Children 
James F. Bale, Jr, MD; William E. Bell, MD; Val Dunn, MD; Adel K. Afifi, MD; Arnold Menezes, MD 


We reviewed the magnetic resonance imaging (MRI) scans of the spine of 42 children who had neurologic 
signs compatible with lesions of the spinal cord. Twenty-three of the children had abnormalities identified by 
MRI. The spectrum of abnormalities included posttraumatic lesions, tumor, tethered cord, and 


syringohydromyelia. Tethered cord with or without lipoma and syringohydromyelia were the most common 
findings, affecting six and four children, respectively. Thirteen children studied by MRI also underwent 
conventional metrizamide myelography and/or computed tomography. In 12 cases, the findings of MRI were 
comparable to those of myelography and computed tomography. These observations indicate that MRI 
effectively detects lesions of the spinal cord in children. Because MRI can be performed on an outpatient basis 
and avoids the risks of metrizamide myelography, we conclude that MRI should be considered to be the 
preferred screening technique for children with suspected spinal cord disorders (Arch Neurol 1986; 


43:1253-1256). 
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Monoclonal Antibody-Mediated Modulation 
of Parathyroid Hormone Secretion by 
Dispersed Parathyroid Cells 


James T. Posillico, PhD; Richard E. Wilson, MD; Sri S. Srikanta, MD 
Elizabeth J. Quackenbush, PhD; Vito Quaranta, MD; Shana Kajaji, P 


e Available data suggest that ionized calcium may interact 
with a cell surface “sensor” or “receptor” to produce changes 
in one or more intracellular second messengers that ultimately 
regulate the release of parathyroid hormone (PTH). Recently, 
we developed a series of monoclonal antibodies directed 
toward specialized differentiation antigens expressed on en- 
docrine cells. Since many of these monoclonal antibodies 
displayed exquisite specificity for cell surface molecules on 
the parathyroid cell, we used these reagents as probes to 
investigate signal recognition/transduction mechanisms as- 
sociated with abnormal calcium-regulated PTH secretion. De- 
pending on their binding site on the respective target antigen 
molecules, these monoclonal antibodies either stimulated or 
inhibited hormone secretion. Thus, defects in membrane- 
associated structures may contribute to deranged calcium- 
regulated PTH secretion in abnormal parathyroid cells. 

(Arch Surg 1987;122:436-442) 


i ipa secretion of parathyroid hormone (PTH) by the 
parathyroid glands displays an unusual inverse de- 
pendency on the concentration of extracellular ionized 
calcium. Unlike other endrocrine cells that require calcium 
influx and an attendant inerease in the concentration of 
cytosolic free calcium to trigger hormone release, PTH 
secretion is stimulated by low concentrations of extra- 
cellular ionized calcium in association with a reduction in 
the level of cytosolic free calcium. We have recently shown a 
close parallel between the concentrations of extracellular 
ionized calcium and cytosolic free calcium in dispersed 
parathyroid cells. Our studies have suggested that the 
insensitivity of abnormal PTH secretion in primary hyper- 
parathyroidism may be related to aberrant sensing of 
extracellular ionized calcium with an attendant derange- 
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ment in the regulation of cytosolic free calcium. Convincing 
evidence has been compiled from biochemical, pharma- 
cologic, and electrophysiologic studies in our laboratory, as 
well as by others, suggesting that the mechanisms regulat- 
ing hormone secretion in the parathyroid cell likely take 
place at the level of the cell membrane and might involve 
specialized cell surface proteins. 

Menoclonal antibodies have been generated that display 
exquisite specificity for cellular differentiation antigens 
and other important cell surface molecules. Moreover, 
monoclonal antibodies have proven to be extremely useful 
reagents for studying cellular function and for identifying 
and caaracterizing important regulatory proteins in a vari- 
ety of cells. Recent immunologic studies have demonstrated 
that diverse cell types often share common antigenic deter- 
minarts that are recognized by a given monoclonal anti- 
body. Typically, such cells possess similar physiologic 
charaeteristics in terms of functional specialization (eg, hor- 
mone synthesis and secretion) and/or common develop- 
mental pathways.’ In addition, common cell surface anti- 
gens, which have been identified on different endocrine 
tissues simultaneously,’ may also participate in autoim- 
mune cellular destruction.’ 

In view of these similarities, we screened our library of 
humar monoclonal antibodies for reactivity with human 
parathyroid cells. Using immunocytochemical methods, we 
identified a panel of monoclonal antibodies that reacted 
with parathyroid cell surface molecules. We then utilized 
these monoclonal antibodies as probes to study signal 
recognition/transduction processes associated with the 
modulation of PTH secretion in dispersed human para- 
thyroic cells. The results are reported herein. 


MATERIALS AND METHODS 
Monoclonal Antibodies and Cell Lines 


Monoelonal antibodies of the HISL series were initially gener- 
ated folowing immunization of BALB/c mice with human islet 
cells.* Monoclonal antibodies 4F2 and LC7-2 were produced in a 
similar fashion using human T cells (HSB-2T cell line)’ and human 
pancreatic adenocarcinoma cells (Panc-1) (S.K., J. B. Winfield, 
MD, B. Davceva, MD, V.Q., unpublished data, 1986), respectively. 
Monoclonal antibodies 44D7 and 44H7 were produced by immu- 
nization with HOON eells (human non-T, non-B lymphoblastic 
leukemiz cells®). Monoclonal antibody control P3X63, a non-spe- 
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Table 1.—Monoclonal Antibodies Reactive 
With Parathyroid Cell Surface Molecules* 














Antigen/Molecular 
Immunogen Weight, Kilodaltons Reactivity 


Monoclonal 


Pancreatic 
adenocarcinoma 


Glycoprotein/1 20} +§ 






*Reactivity was determined by a fluorescein isothiocyanate method in 
assay of dispersed parathyroid cells as described in the “Materials and 
Methods” section. HOON indicates human non-T, non-B lymphoblastic 
leukemia calls. 

tBiochemical dharacterization experiments have not yet been pefformed. 

From unpublished data by S.K., J. B. Winfield, MD, B. Davceva, MD, and 
V.Q., 1986. | 


cific immunoglobulin, was obtained from murine myeloma cell line 
P3X63. Monodlonal antibody ascites fluid was used in this study. 


Cell Preparation and Monoclonal 
Antibody Treatments 


Dispersed varathyroid cells were prepared as described by 
Brown et al’ wing surgical specimens of adenomatous parathyroid 
glands. Digestion was carried out in Eagle’s minimum essential 
medium (MEM) (calcium, magnesium, and sodium bicarbonate 
were deleted containing 20 mmol/L of HEPES buffer (pH, 7.47) 
with 0.5 mmol/L of calcium chloride, 0.5 mmol/L of magnesium 
sulfate, 2 mgamL of collagenase (Worthington type 1), and-40 mg/L 
of deoxyriboruciease I (Sigma Chemical Co, St Louis) for 20 to 60 
minutes. Celts prepared in this fashion routinely exclude trypan 
blue (<5% uptake). 

Freshly prepared dispersed parathyroid cells were treated with 
monoclonal entibody-containing ascites fluid in a final dilution of 
1:100 for 30 minutes at 37°C in MEM containing 2% normal human 
serum, 20 mmol/L of HEPES buffer (pH=7.47), 0.5 mmol/L of 
magnesium sulfate, and a calcium concentration of 1.5 mmol/L. The 
cells were washed with MEM containing the same dilution of 
monoclonal antibody. Monoclonal antibody-treated cells (400 x 
10° celis/300 uL) were exposed to low (0.75 mmol/L) nominal 
(1.25 mmol/B), er high (1.5 mmol/L) concentrations of extracellular 
calcium with monoclonal antibody-containing ascites fluid (dilu- 
tion of1:100* for one hour at 37°C. Cells were separated from the 
media by centrifugation at 100 g and examined by the fluorescein 
isothiecyanete (FITC) technique to confirm cell surface binding of 
the monoclonal antibodies. Media were assayed for PTH by 
radioimmurnassay using an antibody specific for the N-terminal 
sequence of intact human PTH (antibody CK-13).° Autopsy spec- 
imens of normal human parathyroid glands were also obtained and 
snap-frozer for immunohistochemical studies. 


immunochemical Screening Techniques 


Immunofluerescence.—Cryostat sections (8 pm thick) of 
human parathyroid tissue were applied to gelatin-coated slides. 
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The tissue sections were covered with 50 uL of monoclonal 
antibody—containing ascites fluid (dilution of 1:100) and incubated 
at room temperature for 30 minutes. The slides were washed with 
phosphate-buffered saline (PBS)and then flooded with 50 to 100 uL 
of a 1:20 dilution of FITC-labeled mouse anti-immunoglobulin 
(Cappel Laboratories, Cochranville, Pa) in PBS with 1% bovine 
serum albumin (BSA) and incubated for an additional 30 minutes at 
room temperature. After a final washing, the slides were mounted 
for examination by fluorescent microscopy. The same procedure 
was employed for dispersed parathyroid cells: 1 to 2 = 10° cells were 
incubated in monoclonal antibody—containing ascites fluid, labeled 
by FITC, and then washed in PBS. Cells were separated by 
centrifugation at 400 g for five minutes, resuspended in PBS, and 
wet-mounted for visual inspection by fluorescent microseopy. 
Slides were coded and read blindly by one or more observers. 
Fluorescence intensity was quantitated on an arbitrary scale of +1 
to +8 (strongest), weak (w), or negative (—). 

Immunoperoxidase Staining.—The cryostat sections de- 
scribed earlier in this article were incubated with monoclonal 
antibody—containing ascites fluid (dilution of 1:100) for one hour at 
room temperature. The slides were then washed with PBS and 
subsequently incubated for 30 minutes with peroxidase-conju- 
gated rabbit anti-mouse immunoglobulin (DAKO Corp, Santa 
Barbara, Calif) diluted 1:100 in PBS with 1% BSA. After a second 
washing with PBS, the slides were incubated with peroxidase- 
conjugated swine: anti-rabbit immunoglobulin (DAKO Corp) 
diluted 1:100 in PBS with 1% BSA for 30 minutes. Peroxidase 
activity was detected by the 3,3'-diaminobenzidine reaction 
(0.06%) in TRIS buffer (pH, 7.6) containing 0.006% hydrogen 
peroxide. The slides were counterstained in hematoxylin for three 
minutes and mounted for examination. 


Measurement of Cytosolic Free 
Calcium Concentration 


Cytosolic free calcium concentration in parathyroid cells was 
determined as described previously® using the calcium-sensitive 
fluoreseent dye Quin-2. Dispersed parathyroid cells were loaded 
with Quin-2 by incubation with the acetoxymethylester of the dye 
(15 pmol/L) for 20 minutes at 37°C in MEM containing 0.5 mmol/L 
of magnesium sulfate and 1.0 mmol/L of calcium chloride. The cells 
were then washed twice in a solution containing 125 mmol/L of 
sodium chloride, 5 mmol/L of potassium chloride, 1 g/L of dextrose, 
1 mmol/L of sodium diphosphate, 20 mmol/L of HEPES buffer (pH, 
7.45) (“saline”), as well as 0.2% BSA, 0.5 mmol/L of magnesium 
sulfate, 1.0 mmol/L of calcium chloride, and monoclonal anti- 
body-containing ascites fluid. Fluorescence of intracellular Quin-2 
was measured in cells resuspended in the aforementioned saline 
solution with 0.5 mmol/L of magnesium sulfate, 0.2% BSA, mono- 
clonal antibody-containing ascites fluid (dilution of 1:100), and 
varying concentrations of extracellular calcium using a spec- 
trofluorimeter (model 650-10S, Perkin-Elmer, Oakbrook, Ill) at 
wavelengths of 339 and 492 nm for excitatim and emission, 
respectively. The cytosolic free calcium concentration of intact 
parathyroid cells was calculated according to Tsien et al.” In each 
experiment, similar studies were performed with cells preincu- 
bated without monoclonal antibodies or with centrol monoclonal 
antibody P3X63. 


RESULTS 
Monoclonal Antibodies Reactive With 
Parathyroid Cell Molecules 


During our screening procedures, we identified ten 
monoclonal antibodies that bound to the cell surface of 
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Fig 1.—Cellular expression of monoclonal antibody—defined antigens on human parathyroid cells. 
Left, Indirect immunofluorescence staining of dispersed parathyroid cells by monoclonal antibody 
44D7. Cell surface location of 44D7 antigen is defined by ringlike distribution of fluorescence around 
cell (x400). Right, Indirect immunoperoxidase staining of cryostat sections of human parathyroid 
tissue with monoclonal antibody HISL-9. Peroxidase activity is also localized at level of cell 
membrane; intracellular sites, including nucleus, are unstained ( x 100). 


human parathyroid cells. Table 1 summarizes those mono- 
clonal antibodies that recognized antigenic determinants on 
human parathyroid cells. Immunofluorescent staining of 
dispersed parathyroid cells was apparent in a ringlike 
distribution around the cell surface with relatively uniform 
staining of all cells, as shown in Fig 1, left. Figure 1, right, 
also shows similar findings with immunoperoxidase stain- 
ing of cryostat sections of intact parathyroid glands. Each 
monoclonal antibody also bound to normal human para- 
thyroid cells, but the degree of fluorescence intensity was 
reduced compared with abnormal cells, most likely because 
of low-level expression of the antigen. 


Effects of Monocional Antibodies on 
PTH Secretion 


A total of 12 monoclonal antibodies were used for these 
studies. Controls consisted of monoclonal antibodies P3X63 
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and HISL-19, which did not bind to dispersed parathyroid 
cells, and LC7-2 and 44H7, which recognized antigenic 
determinants on the parathyroid cell surface but did not 
alter hormone secretion. The remaining antibodies either 
stimulated or inhibited PTH release from dispersed para- 
thyroid cells. 

Monoclonal Antibodies That Stimulate PTH Secre- 
tion.—In contrast to untreated control cells and mono- 
clonal antibody controls, dispersed parathyroid cells 
treated with the anti-islet cell monoclonal antibodies 
HISL-9 and HISL-14 showed a marked stimulation (up to 
192.3% +22.4% [mean+SEM]) of PTH release at the 
ionized calcium concentrations tested. The most pro- 
nounced effects on hormone secretion occurred at normally 
suppressive concentrations of extracellular calcium 
1.5 mmol/L). These findings are illustrated in Fig 2. 

Monoclonal Antibodies That Inhibit PTH Secretion. — 
Binding of four other HISL monoclonal antibodies to their 
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Fig 2.—Stimuiatory effect of monoclonal antibodies HISL-9 (dotted 
bar) and HISL-14 (open bar) on parathyroid hormone (PTH) release 
by dispersed parathyroid cells. Secretion of PTH, as percent of 
control cells, 5 illustrated as function of low (0.75 mmol/L), nominal 
(1.25 mmol/L’, and high (1.5 mmol/L) levels of extracellulamcalcium. 
Monoclenal antibodies HISL-9 and HISL-14 increased PTH secre- 
tion by 192.2% +22.4% and 186.3% + 28.7% (mean+SEM), re- 
spectively, in nigh concentrations of calcium compared with mono- 
clonal antibody controls (P3X63) (striped bar). 


respective 2ell surface determinants resulted in the inhibi- 
tion ef PTH release. Monoclonal antibodies HISL-1, 
HISL-5, HESL-7, and HISL-8 inhibited hormone secretion 
between .6%+7.8% in low calcium (0.75 mmol/L) to 
65.8%+ 10.7% in high calcium (1.5 mmol/L) concentrations. 
Interestingly, treatment of cells with HISL-8 inhibited PTH 
release in low (68.0%+9.1%) and nominal (58.7% + 15.0%) 
calcium camcentrations but stimulated secretion in high 
concentrafions to levels 135.8%+13.1% above untreated 
controls. The inhibitory effects of the HISL monoclonal 
antibody series are summarized in Table 2. 

A second group of monoclonal antibodies (4F2 and 4F2- 
like) also caused the inhibition of PTH secretion from 
dispersed human parathyroid cells. Monoclonal antibodies 
4F2, LC72, 44D7, and 44H7 may be considered as a unique 
family of antibodies, since recent evidence suggests that 
they recagnize distinct epitopes on the same molecular 
complex antigen).°°"“ The binding of monoclonal anti- 
bodies 4F2 and 44D7 resulted in a marked reduction 
(389.6% +8.6% and 57.2%+75%, respectively) in low cal- 
cium-stiraulated PTH secretion. Although binding of mono- 
clonal antibodies LC7-2 and 44H7 to their respective anti- 
genic determinants could be routinely demonstrated by 
FITC or immunoperoxidase techniques, these reagents had 
_ no effect on PTH release at all calcium concentrations 
tested (is, 0.5 to 3.0 mmol/L; data not shown). Table 3 
summarizes these findings. 
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Effects of Monoclonal Antibodies 4F2 
and LC7-2 on Cytosolic Free Calcium Concentration 


Recently, Shoback et al* demonstrated that suppression 
of hormone secretion by dispersed parathyroid cells in high 
concentrations of extracellular calcium was associated with 
an increase in the level of intracellular free calcium. Based 
on these observations, we examined the effects of two 
monoclonal antibodies, 4F2 and LC7-2, on levels of cytosolic 
free calcium in dispersed parathyroid cells. Consonant with 
our previous observations,”” we found that monoclonal 
antibody 4F2, but not LC7-2, produced an increase in levels 
of cytosolic free calcium at low extracellular calcium levels 
compared with control cells. The cytosolic free calcium 
concentration in 4F2-treated cells in 0.5 mmol/L of calcium 
solution was similar to cytosolic free calcium levels in 
control cells in high calcium (1.5 mmol/L) concentrations. 
Figure 3 illustrates the effects of monoclonal antibody 4F2 
on hormone secretion and cytosolic free calcium concentra- 
tion in dispersed parathyroid cells prepared from the same 
parathyroid adenoma. 


COMMENT 


Neuroendocrine cells constitute an important group of 
terminally differentiated cells that play key roles in home- 
ostasis, cell-to-cell communication, and regulation of inter- 
mediary metabolism through elaboration of polypeptide 
hormones and related chemical messengers. To perform 
their many specialized functions (ie, recognition of and 
binding to secretagogues, signal transduction, and hor- 
mone secretion), these cells must be endowed with several 
specific cellular differentiation antigens. Monoclonal anti- 
body probes have begun to facilitate the biochemical and 
physiologic characterization of these unique cellular differ- 
entiation molecules. In addition, unique endocrine cell 
antigens may serve as target recognition molecules (“auto- 
antigens”) in autoimmune endocrine disorders, eg, type I 
diabetes mellitus” and idiopathic hypoparathyroidism,” 
and are probably involved in other autoimmune endocrine 
disorders.” 

The purpose of the present study was to identify para- 
thyroid-reactive monoclonal antibodies that could be used 
as probes to study signal recognition/transduction mecha- 
nism associated with hormone secretion in the parathyroid 
cell. Since different cell types often share common antigenic 
determinants, we screened a library of monoclonal anti- 
bodies produced against human islet cells and lymphocytes 
for reactivity with determinants on the parathyroid cell 
surface. We identified a panel of ten parathyroid-reactive 
monoclonal antibodies that were then studied to determine 
if monoclonal antibody binding to specific cell surface 
molecules might alter hormone release by dispersed para- 
thyroid cells. 7 

Six of the monoclonal antibodies that recognized their 
target antigens on parathyroid cells were from the HISL 
series’ of anti-islet cell antibodies. Depending on their 
binding site or epitope on the antigen molecule, these 
monoclonal antibodies either stimulated or inhibited hor- 
mone secretion (Table 2). Biochemical characterization of 
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0.75 mmol/L 
of Calcium 





PTH stimulatorst 
HISL-9 (11) 157.0+11.2 
HISL-14 (9) 189.6+38.5 
PTH inhibitors 
HISL-1 (4) 63.5+6.5 
HISL-5 (7) 64.9+4.8 
HISL-7 (4) 59.6+7.8 
HISL-8 (4) 68.0+9.1 










Controls 


P3X63 and HISL-19 (8) 100.1 +3.7 


antibody controls. 
tNumbers in parentheses indicate number of experiments. 


Table 2.—Effects of Monoclonal Antibodies on PTH Secretion at Varying Levels of Extracellular Calcium* | 













N-Terminal PTH Secretion, % of Control Cells 








1.25 mmol/L 
of Calcium 


1.50 mmol/L 
of Calcium 
























161.6+11.3 192.3+22.4 
164.5+ 16.0 186.3 + 28.7 
78.5+ 15.3 71.43+4.4 
66.5+8.1 65.8+ 10.7 
75.0 + 10.7 67.6+4.7 
58.7 + 15.0 135.6 + 13.1 











104.5+5.8 100.3+5.3 





*PTH indicates parathyroid hormone. All values are expressed as the mean + SEM. Control values were determined by combining data from both monoclonal 


FHISL-8 inhibited PTH secretion at levels of 0.75 and 1.25 mmol/L of extracellular calcium but stimulated hormone release at 1.5 mmol/L. 


Table 3.—Effects of Monoclonal Antibodies on PTH Secretion at Varying Levels of Extracellular Calcium* 


0.75 mmol/L 
of Calcium 


39.6+5.6 
57.2+7.5 
97.1+5.2 
95.5+1.6 


Monoclonal Antibodyt 


Controls 


P3X63 and HISL-19 (8) 100.1+3.7 





N-Terminal PTH Secretion, % of Control Cells 


1.25 mmol/L 
of Caicium 


1.50 mmol/L 
of Calcium 


93.6+1.9 97.2+4.2 





104.5+5.8 100.3+5.3 


*PTH ndicates parathyroid hormone. All values are expressed as the mean + SEM. Control values were determined by combining data from both monoclonal 


antibody controls. 
tNumbers in parentheses indicate number of experiments. 


these target antigens have shown that monoclonal anti- 
bodies HISL-9 and HISL-14 (which stimulated PTH secre- 
tion) reacted with cell surface glycoprotein moieties having 
a molecular weight of 100 kilodaltons. In contrast, two of the 
monoclonal antibody—defined cell surface antigens associ- 
ated with the inhibition of hormone secretion, namely, 
HISL-5 and HISL-7, are known to be smaller proteins with 
apparent molecular weights of 93 and 28 kilodaltons, re- 
spectively (Table 1).* The nature of the antigens defined by 
these latter monoclonal antibodies is presently unknown. 
Binding of monoclonal antibodies 4F2 and 44D7 (anti- 
human T cells and lymphoblasts, respectively) to dispersed 
parathyroid cells produced only inhibitory effects on PTH 
secretion regardless of the calcium concentrations tested. 
The antigens defined by these monoclonal antibodies have 
been characterized as heterodimeric glycoproteins with 
apparent molecular weights ranging from 120 to 145 kilodal- 
tons.*®™" (Hemler and Strominger® have shown that the 
molecular weight of the 4F2 antigen varies in different cell 
types depending on the extent of glycosylation.) There is 
good evidence to support the hypothesis that the target 
antigens recognized by these monoclonal antibodies are 
likely the same molecule.**"“ Monoclonal antibodies 
4¥2,°" 44D7,°" and 44H7*" are thought to bind to the 
heavy subunit, while monoclonal antibody LC7-2° likely 
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reacts with an epitope on the small subunit of the antigen 
molecule. 

More extensive studies with monoclonal antibody 4F2 in 
dispersed parathyroid cells" and 44D7 with muscle sar- 
colemmal vesicles” suggest that these monoclonal anti- 
body—defined antigens may be involved in the modulation of 
intracellular calcium concentrations. Indeed, we have dem- 
onstrated in this and previous studies”” that binding of 
monoclonal antibody 4F2 to dispersed parathyroid cells 
produces a marked decrease in PTH secretion with an 
attendant increase in levels of cytosolic free calcium within 
the cell. These findings are in agreement with the observa- 
tions of Shoback et al,” who showed that a rise in the level of 
cytosolic free calcium in the parathyroid cell was associated 
with the inhibition of PTH secretion. In similar studies, 
Michalak et al? have demonstrated that both monoclonal 
antibodies 4F2 and 44D7 inhibit specifically the sodium- 
dependent calcium ion exchanger in sarcolemmal vesicles 
prepared from cardiac and skeletal muscle. To investigate 
further the role of the 4F2 antigen in the regulation of 
cytosolic free calcium level, we have recently transfected 
mouse L cells with the gene encoding for the human 4F2 
antigen and found that the expression of this protein in the — 


mouse cell line increased the basal concentrations of ™ 


cytosolic free calcium within the cell; blocking the antigen 
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Fig 3.—Parathyroid hormone (PTH) secretory response and cytosolic free calcium levels in dispersed 
parathyroid cells treated with monoclonal antibodies 4F2 and LC7-2. Cells were prepared from same 
parathyroid adenoma. Left, PTH secretion as percent of maximal controls is shown as function of 
extracellular calcium concentration. Monoclonal antibody 4F2-treated cells (solid squares) showed a 
marked (50%) decrease in PTH secretion in low concentrations of calcium, which was equivalent to 


half-maximal hormone secretion by untreated dis 
concentrations of calcium. Hormone secretion by L 
untreated dispersed parathyroid cells. Right, Cytos 
of extracellular ionized calcium concentration. 


persed parathyroid cells (solid circles) in high 
C7-2 (triangles) was indistinguishable from that of 
olic free calcium levels are also plotted as function 
Compared with controls, monoclonal antibody 
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4F2-treated cells (open circles) dispiayed consistently higher levels of cytosolic free calcium at all 
concentrations tested. Cytosolic free calcium levels in monoclonal antibody 4F2-treated cells in low 
calcium concentrations were (approximately) equal to cytosolic free calcium levels in LC7-2-treated 
cells (open squares) or untreated controls (not shown) in high calcium concentrations. UC indicates 


untreated control cells, ie, dispersed parathyroid cells that were not exposed to any monoclonal 


antibody preparations. 


with monoclenal antibody 4F2 resulted in a decrease in the 
level of cytosolic free calcium.” Collectively, these studies 
suggest a role for the cell surface 4F2 antigen, or ather 4F2- 
like molecules, in the modulation of cytosolic free calcium 
concentration in the parathyroid cell and perhaps~ther cell 
types as well. 

Carbohydrate determinants (possibly shared by multiple 
glyceproteins and/or glycolipids) appear to be important for 
the cellular specificity and recognition of endocrine cell 
antigens. Quantitation, purification, genetic cloning, and 
detailed structural analysis of these cell surface antigens 
should contribute toward a better understanding of their 


roles in parathyroid and other endocrine cell function, as 
well as the elucidation of their aberrations in various states 
of endocrine gland dysfunction. These studies also raise 
exciting possibilities for the use of highly specifie mono- 
clonal antibodies to screen for endogenous ligands associ- 
ated with endocrine gland dysfunction, the imaging of 
endocrine cell tumors, and the delivery of therapeutic 
agents to treat endocrine neoplasias. 


This investigation was supported in part by National Institutes of Health, 
Bethesda, Md, grants AM36801 and AM36796 and by the Brigham Surgical 
Group Foundation Inc, Boston. 
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by G. V. Segre, MD, of Massachusetts General Hospital, Bostan. 


References 


l. Pearse AGE, Takor TT: Neuroendocrine embryology and the APUD 
concept. Clin Endocrinol 1976;5(suppl):229-244. 

2. Satoh J, Prabhakar BS, Haspel MV, et al: Human monoelonal autoan- 
tibociestthat react with multiple endocrine organs. N Engl J Med 1983;309: 


Arch Surg—Vol 122, April 1987 


217-220. 

3. Eisenbarth GS, Jackson RA, Srikanta S, et al: Organ specific autoim- 
munity: T cells and target cells probed with monoclonal antibodies, in Forti 
G, Serio M, Lipsett MB (eds): Monoclonal Antibodies: Basic Principles, 


Parathyroid Hormone Secretion—Posillico et al 441 








Experimental and Clinical Applications in Endocrinology, Serono Sym- 
posia Publications. New York, Raven Press, 1986, vol 30, pp 15-28. 

4. Srikanta SS, Eisenbarth GS: Islet cell antigens: Initial studies of their 
biology and function. Mol Biol Med 1986;3:113-127. 

5. Haynes BF, Hemler ME, Mann DL, et al: Characterization of a 
monoclonal antibody(4F2) that binds to human monocytes and to a subset of 
activated lymphocytes. J Immunol 1981;126:1409-1414. 

6. Quackenbush EJ, Letarte M: Identification of several cell surface 
proteins of non-T, non-B acute lymphoblastic leukemia by using monoclonal 
antibodies. J Immunol 1985;134:1276-1285, 

T. Brown EM, Hurwitz S, Aurbach GD: Preparation of viable isolated 
bovine parathyroid cells. Endocrinology 1976;99:1582-1586. 

8. Brown EM, Leombruno R, Thatcher J, et al: The acute secretory 
response to alterations in extracellular calcium concentration and dopamine 
in perifused bovine parathyroid cells. Endocrinology 1985;116:1123-1131. 

9. Shoback D, Thaccher J, Leombruno R, et al: Effects of extracellular 
Ca** and Mg++ on cytosolic Ca++ and PTH release in dispersed bovine 
parathyroid cells. Endocrinology 1983;113:424-429, 

10. Tsien RY, Pozzan T, Rink TJ: Calcium homeostasis in intact lympho- 
cytes: Cytoplasmic free calcium monitored with a new intracellular-trapped 
fluorescent indicator. J Cell Biol 1982;94:325-335. 

ll. Posillico JT, Srikanta SS, Eisenbarth GS, et al: Binding of monoclonal 
antibody (4F2) to its cell surface antigen on dispersed adenomatous 
parathyroid cells raises cytosolic calcium and inhibits parathyroid hormone 
secretion. J Clin Endocrinol 1987;64:43-50. 

12. Posillico JT, Srikanta SS, Eisenbarth GS, et al: Modulation of 


parathyroid cell secretory function by anti-islet cell surface monoclonal 
antibodies, abstracted. Clin Res 1985;33:285. 

18. Michalak M, Quackenbush EJ, Letarte M: Inhibition of Nat/Cat++ 
exchanger activity in cardiac and skeletal muscle sarcolemmal vesicles by 
monoclonal antibody 44D7. J Biol Chem 1986;261:92-95. 

14. Quackenbush EJ, Linsley P, Letarte M: Mouse L cells express a 
molecular complex carrying the human epitopes recognized by monoclonal 
antibodies 44D7 and 44H7 after DNA-mediated gene transfer. J Immunol 
1986;187:234-239. 

15. Bottazo GF, Florin-Christensen A, Doniach D: Islet cell antibodies in 
diabetes mellitus with autoimmune polyendocrine deficiencies. Lancet 
1974;2:1279-1285. 

16. Posillico JT, Wortsman J, Srikanta SS, et al: Parathyroid cell surface 
autoantibodies that inhibit parathyroid hormone secretion from dispersed 
human parathyroid cells. J Bone Mineral Res 1986;1:475-483. 

17. Maclaren N, Neufeld ND: Autoimmunity and endocrine diseases, in 
Collee R (ed): Pediatric Endocrinology. New York, Raven Press, 1981, 
pp 597-631. 

18. Hemler ME, Strominger JL: Characterization of the antigen recog- 
nized by monoclonal antibody (4F 2): Different molecular forms on human T 
and B lymphoblastoid cell lines. J Immunol 1982;129:623-630. 

19. Posillico JT, Brown EM, Srikanta SS, et al: Role of the 4F 2 cell surface 
antigen in the modulation of cytosolic calcium: Studies with mouse L cells 
that express the gene encoding for the human 4F2 antigen, abstract 24. 
Programs and abstracts of the Ninth International Conference on Calcium 
Regulating Hormones, Nice, France, 1986. 


Discussion 


RoGER S. Fosrer, Jr, MD, Burlington, Vt: Is the abnormal 
parathyroid response to the level of external calcium an intrinsic 
property of parathyroid tissue in hyperparathyroidism? Is it an 
example of cause anc effect or of down-regulation related to chronic 
exposure to high levels of ionized calcium? 

Some years ago, a series of rodent experiments was conducted in 
which multiple normal glands were transplanted to increase para- 
thyroid mass. For a period of time, the blood level of calcium was 
elevated, so it took a while for down-regulation to occur. One 
approach might be to study normal glands, perhaps obtained at 
autopsy, in patients with malignant hypercalcemia to see whether 
these glands would respond like the pathologic glands in the 
present study. 

BARBARA K. KiInpER, MD, New Haven, Conn: I would like to 
persuade you that the present study’s subject, namely, the regula- 
tion of hormone secretion by calcium fluxes across cell membranes, 
is really fundamental to our understanding of how a variety of 
different cells work. All cells maintain a very low cytosolic or 
intracellular free calcium concentration, in fact, a ten-thousandth 
of that which exists outside the cell. 

The existence of this calcium gradient across the cell membrane 
permits calcium to serve as an intracellular second messenger in a 
variety of cell functions when the cell is stimulated by hormonal, 
chemical, or electrical impulses. The signal mediated by calcium is 
then terminated by removal of calcium from the cytosolic compart- 
ment by a variety of different calcium pumps. One of the calcium 
pumps present probably in all cell surface membranes is the 
sodium-calcium exchanger. Two of the monoclonal antibodies used 
in this study, the 4F2 and the 44D7, have been shown in other 
systems to probably be directed against either the sodium-calcium 
exchanger itself or its close regulator. 

The authors present data showing that treatment with mono- 
clonal antibodies causes adenomatous parathyroid cells to respond 
more like normal cells. These results are very intriguing and raise 
many possibilities for therapeutic use. 

I would like to know whether the authors have characterized the 
effects of the monoclonal antibody in normal parathyroid cells. I 
would also like to tempt the authors to speculate on what this study 
might tell us about the biochemical abnormality in adenomatous 
and, presumably, hyperplastic parathyroid cells. It seems that 
there could be two explanations. First, there could be too many 
sodium-calcium channels expressed on the surface of abnormal 
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parathyroid cells. When you treat the cells with monoclonal 
antibody, it blocks some of these channels; calcium can then rise 
because it is not being pumped out all the time, and hormone 
secretion is inhibited. On the other hand, the sodium-calcium 
channel is known to be bidirectional, and it may be that there are 
too few working units in the pathologic cell. The presence of 
monoclonal antibody could activate these units or allow them to 
become more effective. One way to discriminate between calcium 
being pumped in or out of the cell would be to use radioactive 
calcium loading and washout studies. Have you attempted either of 
these procedures? 

Finally, the authors and their group have been largely responsi- 
ble for cur understanding of how PTH secretion is regulated and 
have long had an interest in the role of cyclic nucleotides in the 
regulation of that secretion. I would be interested to know how 
they relate these data about the cell surface markers to in- 
tracellular regulation, and whether they see a role for calcium- 
regulated second messenger systems, such as the protein kinase C 
system and cyclic calcium calmodulin-dependent protein kinase 
systems. 

Dr Witson: Normal cells do not seem to respond in the way that 
adenoma cells do to monoclonal antibodies. Membrane fixation of 
monoclonal antibodies to alter PTH secretion appears to be a 
property of the diseased cell. I would agree that it is not just a 
membrane transfer reaction; protein kinase, cyclic nucleotide, or 
some other complex intracellular mechanism is required to alter 
PTH secretion. 

We do use Quin-2 to study concentrations of intracellular free 
calcium. Dr Brown has studied calmodulin recently, but apparently 
this system could not explain these differences in cell behavior. 

We reported studying normal parathyroid glands from patients 
who had adenomas. The set point (50% maximum reduction in PTH 
secretion) is much lower in cells from normal glands of patients 
with adenomas than it is from normal glands studied on para- 
thyroid biopsy specimens taken during thyroidectomy. Therefore, 
the effect of a high concentration of calcium should eventually 
reduce the PTH secretion in these rodent transplants. I believe 
that the cell surface membrane is adequately well regulated to 
protect the parathyroid cell from major fluxes in ionized calcium. I 
would like to stress, as Dr Kinder pointed out, that caleium is really 


becoming one of the most important ions in the study of both ` 


normal and abnormal physiology. 
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e From 1963 0 1983, 26 patients with cystic neoplasms of the 
pancreas were treated at the Lahey Clinic, Burlington, Mass. 
Cystadenoma @5 patients) was more common than cystadeno- 
carcinoma (11 Datients). Preoperative symptoms, such as ab- 
dominal pain, were present for as long as 18 years before 
diagnosis. The mean size of cysts was 7 cm. Distal pancreatec- 
tomy, the most common operation, was performed in ten 
patients. Eight ofthe 11 patients with cystadenocarcinoma had 
metastatic disease at the time of surgical exploration. There 
was one postcperative death (3.8%). Patients with cystadeno- 
carcinoma had an adjusted median survival time after opera- 
tion of 60 months. The long prodrome in many of the cancer 
patients suggests that benign cystadenomas, particularly of 
the mucinous type, may undergo malignant degeneration. 
Benign cystadenoma seems unlikely to recur after adequate 
resection. Whenever possible, complete excision of cystade- 
noma anrd cystadenocarcinoma is the procedure of choice. 

(Arch Surg 1987 ;122:443-446) 


yst nesplasms of the pancreas are rare. Neoplastic 
cysts (cystadenomas and cystadenocarcinomas) of the 
pancress account for 9% to 10% of malignant cystic lesions” 
and 1% of pramary malignant lesions."* Cystic degeneration 
of primary pancreatic adenocarcinoma occurs, but it is 
extremely irfrequent and is usually associated with a highly 
dysplastic, aggressive lesion. 

In most series, the frequency of benign cystadenoma is 
twice taat o: cystadenocarcinoma."** Many reports of cystic 
neoplasms ef the pancreas have limited case numbers.* 
Contreversr regarding the treatment of patients with be- 
nign cystacenomas focuses on the ill-defined malignant 
potential of these lesions. 

To clarify further the malignant potential of benign 
cystadenoma and the long-term results after aggressive 
surgical treatment of cystadenocarcinoma, we reviewed our 
more recent experience with these pancreatic lesiens. 


PATIENTS AND METHODS 


Our study involved 26 patients with cystic neoplasms of the 
pancreas treated during a 20-year period from 1963 through 1983. 
Symptoms at presentation, duration of symptoms, pathologic 
features of zhe cyst, and previous operations were neted. The 
surgical procedures performed, the findings at subsequent follow- 
up, and the mertality rate were studied to evaluate factors that 
affected survival or recurrence. Particular attention was paid to 
any availabE pathologic information that implied malignant trans- 
formation fsom benign cystadenoma to cystadenocarcinoma. 

Actuarial observed and adjusted survival distributions of pa- 
tients with cystadenocarcinoma were calculated by the Kaplan- 
Meierprodect limit method. Comparison of survival and prodromal 
symptom curation in patients with highly differentiated and 
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undifferentiated cystadenocarcinomas was determined by log rank 
analysis of survival distributions and by the Wilcoxon rank sum 
test. 


RESULTS 


Of the 26 pancreatic neoplasms, cystadenoma accounted 
for 15 and cystadenocarcinoma for 11. Sixteen patients were 
women and ten were men. The median age of patients was 
60.5 years (range, 39 to 77 years). 

The main symptom, present in 95% of patients, was mild, 
vague abdominal pain. A palpable mass was present in 47% 
of patients, and weight loss occurred in 37%. The lesions 
were incidental findings in 15% of patients and were not 
listed in 11%. The mean size of the cysts was 7 cm (range, 1.5 
to 18 cm), and the lesions were evenly distributed among the 
head, body, and tail of the gland (Figure). Tumor involved 
the entire gland in three patients. There was no difference 
in distribution between cystadenoma and eystadenocar- 
cinoma. The surgical procedure most commonly performed 
(ten patients) was distal pancreatectomy (Table 1). 

Of the 11 patients with cystadenocarcinoma, eight had 
metastatic disease at the time of operation. One patient 
with extensive metastatic cystadenocarcinoma died after 
operation, for a perioperative mortality rate of 3.8%. After 
resection, patients with cystadenoma had no recurrent 
benign or malignant disease during follow-up periods rang- 
ing from two months to 12 years (Table 2). Patients with 
cystadenocarcinoma had a median adjusted survival of 6.0 
months after operation; two patients were alive at five- and 
eight-year follow-up for an adjusted five-year survival rate 
of 20% + 12.6% (mean + SEM). 

An unusual feature in the cystadenocarcinoma group was 
the prodrome of symptoms present for longer than five 
years in more than half of these patients. Two patients had 
symptoms that preceded the diagnosis of cystadenocar- 
cinoma by eight and 13 years, respectively. In addition, both 
of these patients had undergone previous cystojej unostomy 
and had a tissue diagnosis of benign cystadenoma (Table 2). 


Location of cystic neoplasms of pancreas. Number of patients is 
given in parentheses. 


Not Identified (1) 


Entire Gland (3) 
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Table 1.—Operations Performed on Patients With Cystic 
Neoplasms of the Pancreas 











No. of 


Operation Patients 


Near-total pancreatectomy : 


Total pancreatectomy 1 0 (0) 
Whipple's operation 





Gallstones, which have been suggested to be associated 
with cystie neoplasms of the pancreas, were present in six 
(23%) of the 26 patients. 

The cystadenoearcinomas were almost twice as large as 
their benign counterparts (mean size, 11.2 vs 6.3 cm), and 
the patients with cystadenocarcinoma had a slightly longer 
duration of preoperative symptoms (3.6 vs 2.7 years). The 
age and sex distributions were similar. The majority of 
patients with cystadenocarcinoma (seven of 11) were treated 
by biopsy only, which confirmed the diagnosis. Most cystad- 
enomas (ten of 15) were completely excised. 

The cystadenocarcinoma group appeared to have two 
pathologic subtypes. Five patients had low-grade papillary 
cancer and six had high-grade lesions. Comparison of these 
two groups demonstrated several differences (Table 3). The 
duration of symptoms before diagnosis was appreciably 
longer, the lesions larger, and survival longer in the pa- 
tients with low-grade lesions. The only patients with cyst- 
adenocarcinoma who did not have metastatic disease had 
low-grade lesions (three of five patients). Survival in the 
low-grade cancer group is somewhat skewed because one 
patient died of metastatie prostate cancer five months after 
operation. 

Two of the five patients in the low-grade papillary cystad- 
enocarcinoma group had undergone cystojejunostomy with 
tissue biopsy nine and 14 years, respectively, before the 
diagnosis of malignancy. Both patients were reported to 
have benign cystadenoma at the time of the original opera- 
tion. Unfortunately, the specimens were not available for 
review. The first patient had undergone subsequent re- 
operation (cystojejunostomy), and findings were again 
benign. The patient with symptoms for nine years had no 
metastatic disease at diagnosis but died five months later of 
metastatic prostate cancer. The other patient, who had had 
symptoms for 14 years, presented with metastatic disease 
and died 14 months later. 

Aside from the obvious difference between the absence of 
mortality in the eystadenoma group and the appreciable 
mortality in patients with cystadenocarcinoma, the small 
sample size precluded the detection of statistical signifi- 
cance. The longer duration of prodromal symptoms in 
patients with low-grade papillary adenocarcinoma com- 
pared with patients with undifferentiated carcinoma ap- 
proached significance (P=.065) by Wilcoxon rank sum 
analysis. Log rank comparison of observed survival distri- 
butions of these subgroups also approached significance 
(P = .067). 
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Table 2.—Demographic Data and Results for Patients 
With Cystadenoma and Cystadenocarcinoma 


Cystadeno- 


Item Cystadenoma carcinoma 
Average age, y 62 60 
Total No. of patients 15 11 

5 5 


Sex, No. of patients 
Male 













Female 10 


Mean duration of preoperative 
symptoms, y 2.7 3.6 
3 


Mean tumor size, cm 6. 11.2 


Operation, No. of patients 























Distal pancreatectomy 8* 2 
Biopsy with or without 
bypass 3t 7 
Near-total pancreatectomy 1t¢ 1 
Total pancreatectomy 1} 0 
Whipple's operation 0 1 
Autopsy 1 0 
Not listed 1 0 
Pathologic findings, 
No. of patients 
Serous cystadenoma 10 0 
Mucinous cystadenoma 5 0 
Patients with distal 
pancreatectomy 3 0 
Patients with biopsy 2 0 
Metastatic disease at 
operation 0 8 
Papillary carcinoma 0 11 
Low grade 0 5 
High grade 0 6 










Duration of follow-up 
Range 






2 moto 12y 1 moto 8 y 







Patients with metastatic 
disease who died 
No. of patients 


Mean follow-up until 
death, mo 


Longest follow-up 
before death 


No. of patients without 
metastatic disease 













who died Roa’ 2. W i 
No. of patients who died 

of ether causes 5 T 
No. of patients alive and 

well at time of study par 2|| 


*All patients were alive and well after an average follow-up of five years. 

tOne patient died of medical causes after one year. 

Both patients were alive and well after five years of follow-up. 

§This patient died of metastatic prostate carcinoma five months after 
operation. Foci of recurrent cystadenoma were found at autopsy. 

Onepatient was alive and well after five years of follow-up, and one patient 
was alive and well after eight years of follow-up. 





COMMENT 


Although cystic neoplasms of the pancreas are uncom- 4 
mon, they represent 9% of all cystic lesions of the pancreas 
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_ Tæle 3.—Data for Cystadenocarcinoma Subgroups 


Cystadenocarcinoma 
p E 






item Low Grade* High Graget 
Mean duration fange) 
of symptoms 8.4y (9moto14y) 1.5y (4 mo to 5 y) 







Mean tumor sizs (range), cm 12.3 (4.5-18) 8.2 (3-15) 


Median adjusted survival 
time (range) 1.2y (bmoto8y) O5y (0-9 mo) 
Metastatic disease, 
No. ofpatienss 2 6 
*n=5. 
tn=6. 





seen at our nstitution.? Fewer than 500 of these tumors 
have been reported in the English literature. The first 
report ef a pancreatic cystic neoplasm was by Becourt and 
Bécour-” im 1830 (later described by Gross” in 1839). 
Malignant transformation of these cysts, which was first 
suspected as early as 1900,” was believed to have been 
demonstrated by Lichtenstein” in 1934. Successful excision 
of a pancreetic cystic neoplasm was first reported in the 
United States in 1882 by Garrigues“ and Bozeman.” 

Many of cur current concepts of classification and treat- 
ment kave evolved from anecdotal accounts of these rare 
cystic meoplsms of the pancreas. Some unusual abnormali- 
ties reported recently include eystadenocarcinoma during 
pregnancy." Another report described a cystadenocar- 
einoms wita positive estrogen receptors in a 41-year-old 
woman.” These tumors have a different biologic pattern 
when eompared with other neoplasms of the pancreas, and 
hormonal receptors may be present in these tumors."*" 
Cystadenoearcinoma, which is reported to be predominant 
in women by a ratio of up to 4:1," was described in a12-year- 
old girl’ and in a 16-month-old infant.” Another unusual 
presentation of a cystic lesion of the pancreas was reported 
by Cantrel et al,” who described a 64-year-old man with a 
cystic lesion composed entirely of acinar cells without 
evideace o` mucin or serous differentiation. 

Numeroas studies have detailed the roentgenographic 
appearance of cystic neoplasms of the pancreas. Angio- 
graphic criteria include the presence of a hypervascular 
solid lesion within the substance of the pancreas with 
demonstration of marked truncation and infiltration of 
vessels.”~ There is no clear angiographic differentiation 
between benign and malignant cystic lesions of the pan- 
creas. Computed tomography has greatly facilitated the 
demenstration of cystic lesions within the pancreas, and 
this is witaout question the most accurate diagnostic study. 
Infiltration into adjacent structures and demonstration of 
distant metastatic disease are clear-cut evidence of malig- 
nant disease. Unfortunately, most cystadenocarcinomas 
are not dāgnosed until after surgical exploration. 

Mest accounts of cystic neoplasms of the pancreas sug- 
gest that zhese tumors are most common in persons 40 to 60 
years old *™ This is in contrast to our series, in which the 
mean age of patients with benign or malignant tumors was 
about 62 years. The predominance of pancreatic cystic 
neoplasms in women reported in most other series also 


- differs from our study, in which the ratio of women to men 


was 1.6:1 These discrepancies suggest some selection in our 
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series of patients—a possible result of the referral nature of 
our practice. 

Consistently, in all series, vague symptoms of abdominal 
pressure or pain are the main presentation, as in 95% of our 
patients. Because of their chronicity, these tumors tend to 
grow to an enormous size. Not surprisingly, a mass was 
found on physical examination in 47% of our patients. 

Up to 25% of patients who present with cystadenoma or 
cystadenocarcinoma are recorded as having biliary tract 
disease.“ This is similar to our experience (23% of patients). 
In addition we noted that six patients (23%) had other 
malignant disease. 

The need for complete cyst excision has long been empha- 
sized because of the strong suspicion that these tumors may 
undergo malignant transformation. Compagno and Oer- 
tel®® suggested that mirocystic adenomas of the pancreas 
(glycogen-rich cystadenomas) have little malignant poten- 
tial whereas the mucinous cystic neoplasms should be 
regarded as actually or potentially malignant. These au- 
thors concluded that such tumors may demonstrate ag- 
gressive behavior, but no direct evidence demonstrated 
malignant transformation. Compagno and Oertel also noted 
that although microcystic adenomas are usually mucin free, 
they may produce small amounts of mucin, a factor that 
causes some confusion about their malignant potential. 

Unlike most reports that concentrate on either the be- 
nign cystadenoma or on the malignant eystadenocarci- 
noma, we compared the benign and malignant tumors in the 
same study. Several of our findings contrast those of previ- 
ous reports. We found similarities between patients with 
cystadenoma and cystadenocarcinoma with respect to age 
and sex distribution. The distribution of benign and malig- 
nant tumors among the head, body, and tail of the pancreas 
was even. This is the extent of the similarities, however. The 
duration of preoperative symptoms was shorter in the 
patients with benign lesions than in those with malignant 
tumors, and the average size of benign tumors was about 
half that of malignant tumors. This suggests that the benign 
tumors may have been detected at an earlier stage. 

Our series of patients with cystadenocarcinoma is appre- 
ciably different from that reported by Hodgkinson et al* in 
that most (eight of 11) of our patients had metastatic disease 
at surgical exploration. Two separate pathalogic subgroups 
were identified in our study: (1) low-grade papillary car- 
cinomas (five patients) and (2) high-grade tumors (six 
patients). Comparison of these groups shows that the mean 
duration of symptoms was 5.6 times longer in the low-grade 
papillary carcinoma group (Table 3). The mean tumor size in 
the low-grade cystadenocarcinoma group was 1.5 times that 
in the high-grade tumor group. The patients with low-grade 
tumors had a survival advantage. 

Two patients in the low-grade cystadenocarcinoma group 
had had previous cystojejunostomy, with cyst biopsy per- 
formed nine and 14 years, respectively, before the diagnosis 
of malignant tumor. At that time, benign cystadenoma was 
reported in both patients. Additional reexploration for 
redoing the cystojejunostomy was performed in one of 
these patients, and again no malignant disease was identi- 
fied. These two cases strongly suggest that malignant 
transformation of low-grade cystadenocarcinomas does oc- 
cur, which reinforces the need for complete excision.*"” 
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poor. All ofthe patients in this group had metastatic disease 
at the time of surgical exploration. Mean survival was 0.4 
years. The five-year survival rate of 68% reported by 
Hodgkinson et al* was apparently due to the high incidence 
of low-grade cystadenocarcinomas in their series (20 of 21 
lesions). 

A deterrent to an aggressive surgical approach to these 
tumors has been the high incidence of morbidity and 
mortality associated with operations of this magnitude on 
the pancreas. Our series over 20 years had only one death, 
and this was in a patient with end-stage metastatic disease. 
The mortality rate associated with radical pan- 
creatoduodenectomy is less than 3% at our institution, and, 
therefore, we believe that an aggressive surgical approach 
to these tumors is warranted. Although the pathologic 
criteria of microcystic adenomas suggest that these remain 
benign, the ability to distinguish at operation between a 
microscopic non-mucin-producing pancreatic adenoma and 
a mucinous cystic neoplasm may be difficult. We strongly 
advise that any cystic neoplasm of the pancreas be excised 
completely whenever possible. 
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Discussion 


C. ELroN CaHow, MD, New Haven, Conn: Inthe future, we will 
see an increasing number of pancreatic lesions, many of which will 
be asymptomatic, detected by diagnostic imaging techniques. The 
question then will be whether the mere presence of a cystic lesion 
of the pancreas is an indication for resection. Although it has been 
stated that benign cystic pancreatic adenomas can or will become 
malignant, I am afraid this has not been conclusively proven by 
previeus reports on this entity or by the present report. This still 
leaves us with a dilemma. 

In favor of the malignant potential of benign pancreatic cystade- 
nomas is the long duration of symptoms prior to the diagnosis of 
malignancy, the large size of malignant cysts compared to benign 
ones, and, as demonstrated in this series, the diagnosis of benign 
cystaGenoma on previous biopsy specimens of two patients who 
years later were proven to have carcinoma, which we assume had 
developed since their previous biopsies. Also of note is that eight of 
the 11 patients had metastases at the time they were diagnosed, 
suggesting that the tumor had been there for some time. 

The question we have to face as surgeons is whether all cystic 
pancreatic lesions should be resected even if percutaneous biopsy 
specimens demonstrate benign tissue. The problem is illustrated 
by two patients who recently underwent subtotal pancreatectomy 
at our institution for benign pancreatic cystadenoma that proved to 
be microcystic pancreatic cystadenoma, also called glycogen-rich 
cystadenoma or serous cystadenoma. Our pathologist stated in 
retrospect that this type of adenoma rarely if ever becomes 
malignant and can be followed up clinically. A recent review of eight 
patients with this entity supports this view. As a surgeon, I have 
some difficulty accepting this course of action. I wonder if the 
authors would share their experience, opinions, advice, and biases 
regarding the treatment of these microcystic lesions. 

Finally, I have three questions: (1) Do the authors believe that all 
cystic lesions of the pancreas, including the microcystic group, 
should be resected even if proven benign by biopsy specimen? (2) If 
not, then what diagnostic tests or criteria should be used to 
determine when resection is indicated? (3) Finally, have the 
authors had any experience with magnetic resonance imaging of 
these tumors and, if so, has it been helpful in differentiating benign 
from malignant tumors? 

Dr REMINE: The question about malignant degeneration is still 
unanswered. We attempted to make a statement, but, obviously, 
the number of these lesions was limited, and the ability to retrieve 
several af the pathology specimens was a problem. Looking at large 
collected series and trying to subeategorize the lesions into micro- 
cystic and serous has still left us with questions. Nobody has been 
able to say whether there is statistically significant degeneration of 
these benign lesions into malignancy. Therefore, we are still of the 
opinion that if a cystic lesion is resectable in an acceptable patient, 
it probably should be resected. 

As we have demonstrated here, all resectable operations had a 
0% mortality rate. The mortality rate of rather major resections is 
still acceptably low. Ifa patient has widely metastatic disease, the 
answer te the question “Should you be operating at all, and can you 
do it with a percutaneous technique?” is yes. If an elderly patient 
has benign disease, should it be resected? If the patient is elderly 
and has medical problems, we do not resect; our own judgment 
comes in there. 

We have subclassified some of the microcystic lesions and looked 
at them, but we really do not have enough data to make a statement 
to add to this. . 

We have had our magnetic resonance equipment installed. We do 
not have experience with these lesions with magnetic resonance | 
imaging since they are so uncommon. 
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Advances in Drug Therapy for 


Peptic Ulcer Disease 


Theodore N. Pappas, MD; Sean J. Mulvihill, MD; Yositi Goto, PhD; Haile T. Debas, MD 


e Recently, three new drug types have emerged to treat 
peptic ulceration. We compared the mechanism of action of 
omeprazole and somatostatin-14, both inhibitors of gastric 
acid, with that of tetraprenylacetone, a drug thought to be 
cytoprotective in the upper gut. Omeprazole and somato- 
statin-14 caused potent inhibition of meal-stimulated acid 
secretian in the dog (92% + 6% and 97% + 1%, respectively). On 
the other hand, tetraprenylacetone had no significant inhib- 
itory effect an acid secretion (4%+17%). In separate studies, 
tetraprenylacetone was shown to be a stimulant of gastric 
bicarbenate secretion in the rabbit, increasing bicarbonate 
secretion from a basal level of 0 to 86+28 pmol/2 h. Tetra- 
prenylacetone was also found to be a strong stimulant of 
canine pancreatic bicarbonate secretion. The ability of tetra- 
prenylacetone to stimulate endogenous bicarbonate secretion 
may explain its ability to heal ulcers both experimentally and 
clinically. 

(Arc Surg 1987;122:447-450) 


dvances in the management of peptic ulcer disease have 
eccurred because of improved knowledge of the mech- 
anisms involved in acid production and mucosal protection. 
Until very recently, the focus in drug therapy for this 
disease was the reduction of acid secretion. Thus, based on 
the waderstanding of the cellular mechanisms of parietal 
function, several classes of compounds were produced for 
uleertherapy. The best known of these are those that block 
the receptors for the main secretagogues on the parietal cell 
membrane. The major revolution in ulcer pharmacology in 
the past decade occurred because of the discovery of specific 
histamine H,-receptor antagonists, cimetidine and raniti- 
dine. A specific antagonist of the acetylcholine receptor on 
the parietal cell has also been developed (the M, cholinergic 
receptor blocker). The search for specific gastrin-receptor 
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antagonists has been less successful. The newest and most 
powerful inhibitor of acid secretion acts not by blocking 
receptors on the parietal cell surface but by inhibiting 
hydrogen ion (H*)-potassium ion—adenosine triphospha- 
tase (ATPase) on the secretory membrane of the parietal 
cell.? The drug is omeprazole, a substituted benzimidazole 
that blocks the final common event in acid secretion, the 
pumping of H* out of the parietal cell. This drug has been 
shown to be more effective in treating duodenal ulcer 
disease than H,-receptor antagonists” and is rapidly becom- 
ing the drug of choice in patients with Zollinger- Ellison 
syndrome.‘ In the latter disease, in which acid hypersecre- 
tion is due to overproduction of the hormone gastrin, the 
peptide somatostatin-14 (SS-14) is proving to be useful 
because it inhibits both the release and action of gastrin.”® 

All the drugs discussed above act by inhibiting acid 
secretion. Unfortunately, while they can heal ulcers, they 
do nothing to alter the ulcer diathesis. Hence, greater focus 
is being placed in developing compounds that improve 
mucosal protection. It is hoped that such drugs may not only 
be effective in healing duodenal and gastric ulcers but may 
also reduce ulcer recurrence once drug therapy is discon- 
tinued. The prostaglandins and the acyclic isoprenoid tetra- 
prenylacetone hold the greatest promise in this regard.‘ 

In the present study we compare the acid inhibitory 
activity of omeprazole, SS-14, and tetraprenylacetene and 
examine the effect of the latter drug on gastric and pancre- 
atic bicarbonate production. 


MATERIALS AND METHODS 
Canine Gastric Acid Studies 


Eleven mongrel dogs (20 to 30 kg) were prepared with modified 
Thomas cannulas implanted in the gastric fundus. The dogs were 
allowed at least two weeks’ recovery prior to experimentation. For 
18 hours prior to each experiment, the dogs were fasted of food but 
not water. The animals were brought to the laboratory, their 
gastric cannulas were opened, and gravity collection of acid was 
started to ensure that the animals were in a basal state. An 
intravenous infusion of 0.9% saline solution was begun at 25 mL/h 
via a hind-leg vein during the basal period and was continued 
throughout the control experiments. Acid seeretion was stimu- 
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Table 1.—Inhibition of Meal-Stimulated Gastric Acid Secretion in the Dog by Omeprazole (OMEP), 
SS-14, and Tetraprenylacetone (TPA)* 


Meal-Stimulated Acid Secretion, 
mmol/15 min 
LLL 


Control Treated 

0.53 + 0.35 
0.17 +0.07 
4.27 +0.32 


Method of 


Inhibition, 
Administration % 


4.79+1.13 
4.81+1.13 
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tP values are based on paired, two-tailed t tests. 


lated by a 300-mL, 15%-liver-extract meal (pH, 5.5) placed into the 
stomach. The acid response to this meal was determined by 
intragastric titration with 0.5N sodium hydroxide to maintain the 
intragastric pH at 5.5. The intragastric titration of this meal was 
continued for over an hour. To test the effectiveness of tetraprenyl- 
acetone and omeprazole on meal-stimulated gastric acid secretion, 
the animals were pretreated with an intraduodenal bolus prior to 
the liver-extract meal to allow adequate time for enteral absorp- 
tion. Since SS-14 is only available in an intravenous preparation, it 
was delivered by continuous intravenous infusion in 0.9% saline 
solution with a 45-minute pretreatment period. 


Pancreatic Bicarbonate Secretion 


Five mongrel dogs (18 to 20 kg) were prepared with chronic 
pancreatic fistulas with a modified Herrera cannula.’ The animals 
were allowed at least two weeks’ recovery prior to experimenta- 
tion. At the beginning of each experiment, a continuous in- 
travenous infusion of 0.9% saline solution was begun via a hind- 
limb vein. Basal pancreatic secretion was collected from the fistula 
prior to an mtraduodenal bolus of tetraprenylacetone or the 
tetraprenylacetone carrier. After the intraduodenal bolus, pancre- 
atic secretion was collected at 15-minute intervals for one hour. 
Pancreatic volume was determined to the nearest 0.1 mL, and the 
pancreatic bicarbonate concentration was determined by the back 
titration method. This was accomplished by neutralizing the 
bicarbonate with a known amount of 0.1N hydrochloric acid and 
then titrating the excess acid with 0.2N sodium hydroxide. Pancre- 
atic protein levels were determined spectrophotometrically. The 
output of bicarbonate and protein was determined by the product of 
the volume and the concentration. 


Gastric Bicarbonate Secretion 
in the Rabbit 


Six New Zealand white rabbits (2 to 3 kg) were anesthetized with 
urethane (150 mg/kg) intravenously, and a catheter was placed in 
the stomach through a laparotomy after a thorough gastric cleans- 
ing with saline solution. The pylorus was then ligated, and the 
duodenum was injected with omeprazole, 0.5 mg/kg, to render the 
animals achlorkydric. The animals’ stomachs were again irrigated 
with saline solution, and they were subsequently treated with 
intraduodenal tetraprenylacetone (100 mg/kg) or the tetraprenyl- 
acetone carrier: Two hours after the administration of tetraprenyl- 
acetone or carrier, the amount of bicarbonate in the stomach was 
measured by washing the stomach with 180 mL of saline solution 
and measuring the bicarbonate concentrations by the back titra- 
tion technique noted above. 


Drug and Peptide Preparation 


All intravenous infusions were through a polyethylene catheter 
placed in a hind-limb vein and delivered by peristaltic pump at 
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*All data are expressed as the mean + SD. SS-14 indicates somatostatin-14; ID, intraduodenal; IV, intravenous; and NS, not significant. n=5 for all drugs. 


25 mL/h for dogs and 6 ml/h for rabbits. Omeprazole was given at a 
dose of 0.5 mg/kg, a dose that has been used successfully in 
experimental and clinical studies to suppress gastric acid secre- 
tion. The omeprazole available for these studies could not be given 
intravenously and was prepared for enteral delivery by mixing it in 
a suspension of methylcellulose. The 2% methylcellulose suspen- 
sion was also used as the control substance for the intraduodenal 
omeprazole studies. Prior studies demonstrated that this concen- 
tration of methylcellulose carrier has no effect on gastric or 
pancreatic secretion (T.N.P., unpublished data, 1985). 

The SS-14 (Serono Laberatories, Randolph, Mass) was delivered 
continuously by intravenous infusion in 0.9% saline solution. The 
peptide was prepared in a mannitol base and did not require a 
protein carrier for delivery in plastic tubing. The dosage of SS-14 
used, 1.25 pg/kg-/h~', is a pharmacologic dose that has been 
shown to maximally inhibit gastric acid secretion.” Its serum half- 
life is sufficiently short to require continuous intravenous infusion 
to produce a sustained bielogic effect. 

The tetraprenylacetone we used was available as an enteral 
preparation and requires a lipid-based carrier for delivery 
(TWEEN 80, Sigma, St Louis). The lipid-based carrier served as 
the control for the bolus intraduodenal injections. The carrier had 
no intrinsic effect on gastric acid and bicarbonate secretion in 
rabbit or dog. The dose of tetraprenylacetone used in dogs was 
based on prior work (T.N.P., unpublished data, 1985) that demon- 
strated that the peak effect of tetraprenylacetone on pancreatic 
secretion was achieved with 32 mg/kg. The biologically active dose 
for gastric secretion in rabbits was found to be higher. 


Statistics 


All studies were conducted in a paired fashion and were analyzed 
by paired, two-tailed t tests. The data are expressed in the form 
mean + SEM and were assumed to fit a normal distribution to allow 
parametric testing. Acid and bicarbonate outputs were recorded 
on a 15-minute basis for the dog data and a two-hour basis for the 
rabbit data. 


RESULTS 


No abnormal reactions or behaviors were noted in these 
animals after tetraprenylacetone or omeprazole adminis- 
tration. Somatostatin-14 in maximal dosages did not cause 
retching in the dog. This is in direct contrast to other 
gastrointestinal peptides, including cholecystokinin, pep- 
tide YY, gastrin, bombesin, and corticotropin releasing 
factor, which do cause retching at maximal doses. 


Gastric Acid Secretion in Dogs 


The mean basal gastric acid secretion was 0.06+0.02 
mmo//15 min for all the animals. In the control condi- 
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Table 2—Effect of Intraduodenal Tetraprenylacetone (TPA) 
on Basal Pancreatic Secretions in the Dog* 


Carrier TPAt Pt 
Pancreatic bicarsonate, pmol/15 min 45+12 751+226 <.05 
Pancreatic proten, mg/15 min 144+20 184+42 NS 


*All data are expressed as the mean+SEM. n=5. NS indicates not 
significant. 

+TPA was adminsstered at a dose of 32 mg/kg. 

+P values are based on paired, two-tailed t tests. 
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tion, the mean gastric acid response to intragastric titra- 
tion of the liver-extract meal varied from 4.79+1.18 to 
6.63 + 0.81 mmol/15 min, which is calculated as an average 
acid output in one hour expressed over 15 minutes. The 
variation in control acid output was directly related to 
interanimal variation for the groups tested. Intraduadenal 
omeprazele treatment (0.5 mg/kg) inhibited meal-stimu- 
lated gastric acid secretion by 92%+6%. Similarly, in- 
travenous SS-14 treatment (1.25 pg/kg ~‘/h~’) inhibited the 
mean response by 97%+1%. Intraduodenal tetraprenyl- 
acetone had no effect on meal-stimulated gastric acid secre- 
tion in the dog (Table 1). 


Pancreatic Bicarbonate Secretion in Dogs 


The mean basal pancreatic bicarbonate secretion prior 
to intraduodena!l bolus was 34+11 pmol/15 min. Intraduo- 
denal carrier had no effect on the bicarbonate output from 
the panereas, but intraduodenal tetraprenylacetone ad- 


‘ ministration (32 mg/kg) increased basal pancreatic bicar- 


bonate eutput te 721+ 226 pmol/15 min. Pancreatic protein 
levels also increased from 144+20 (carrier) to 184+ 42 
mg/15 nin, bat this increase was not statistically significant 
(Table 2). 


Gastric Bicarbonate Secretion 
in Rabbits 


Omeprazole (0.5 mg/kg) produced achlorhydria in the 
rabbit to allew the measurement of gastric bicarbonate lev- 
els. Omeprazole alone did not cause a measurable increase 
in gastric bizarbonate levels. The basal gastric bicarbonate 
level was 0 in all the animals tested, and rabbits treated with 
the intradvodenal carrier all produced no measurable 
gastric bicarbonate. Two hours of intraduodenal tetra- 
prenylacetcme administration (100 mg/kg) increased gastric 
bicarbonate levels in all animals (n=6) to a mean of 86+ 28 
ywmol/2 h. 


COMMENT 


This study confirms prior findings that omeprazole and 
SS-14 are potent inhibitors of gastric acid secretion. It is 
believed that their clinical value lies in their ability to 
contrel gaszric acid secretion and, therefore, peptic ulcera- 
tion. In cortrast, tetraprenylacetone has no effecton meal- 
stimu_ated gastric acid secretion in the dog but isa potent 
stimulant ef bicarbonate production from both the stomach 
and pancreas. Thus, the effectiveness of tetraprenyl- 


. acetone ir healing ulcers is unlikely to be due to any 


antisecretory effect. Its effectiveness may be related to se- 
cretion of bicarbonate under the mucous gel layer af the gas- 
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tric and duodenal mucosa as well as to neutralization of acid 
in the duodenal lumen by pancreatic bicarbonate secretion. 

Omeprazole is a substituted benzimidazole that has 
unique effects on acid secretion. It is absorbed from the 
gastrointestinal tract and is only active at the gastric 
mucosa, where it binds to the H*—potassium ion-ATPase at 
the parietal cell and stops acid secretion by inhibiting the 
action of this ATPase. ™? Omeprazole has been found to be 
equal in potency to or more potent than H, antagonists in 
the treatment of duodenal ulcer disease.’ It has been used to 
treat gastric hypersecretion in patients with the Zollinger- 
Ellison syndrome’ and is rapidly emerging as the drug of 
choice in this disease. The inhibitory action of omeprazole 
seen in this study confirms its potent effect on gastric 
acid secretion. The doses used in this study approximate 
those used in clinical studies, although omeprazole has 
been found to heal peptic ulcer disease at a much lower 
dose.” 

Somatostatin-14 is a peptide that is found in the gastroin- 
testinal tract and has a presumed physiologic paracrine and 
endocrine role in the regulation of gastric acid secretion.” 
Somatostatin-14 and its analogs have been used to treat a 
variety of clinical conditions, including gastrointestinal 
hemorrhage, high jejunostomy outputs in the short-gut 
syndrome, pancreatic and small-bowel fistulas, and small- 
bowel obstruction.“ Somatostatin-14 has also been used to 
control hypersecretions in the Zollinger-Ellison syndrome." 
Although it may have a cytoprotective role in the gut,” its 
major effect in Zollinger-Ellison syndrome appears to be 
due to a decrease in acid secretion. The dose used in this 
study has been previously shown to produce a potent 
inhibitory effect on gastric acid production.” The use of 
SS-14 is limited by the need for continuous infusion, while 
the long-acting somatostatin analogs allow intermittent 
subcutaneous dosing. 

Tetraprenylacetone is an acyclic isoprenoid agent that 
has been studied extensively in Japan. In laboratory studies 
it has been found to successfully treat gastric ulcers in 
rabbits and rats, and it is thought to be cytoprotective in the 
rat.’ In gastric parietal cell preparations it increases mucus 
production," and it has a weak inhibitory effect on gastric 
acid secretion in the rat.” This study demonstrates that 
tetraprenylacetone has a potent stimulatory effect on gas- 
tric and pancreatic bicarbonate secretion. The tetraprenyl- 
acetone-induced increase in pancreatic bicarbonate output 
is approximately 50% of the expected maximal bicarbonate 
output from the pancreas when secretin is used as a 
stimulant." Tetraprenylacetone has been shown to stimu- 
late the release of endogenous secretin,® which would 
explain the marked effect on pancreatic bicarbonate output 
and the minimal effect on pancreatic protein levels seen in 
this study. The effect of tetraprenylacetone on bicarbonate 
secretions from the duodenal mucosa has not been studied 
but may be similar. The drug has been shown to be effective 
in healing both gastric and duodenal ulcers in humans and 
has been released for clinical use in Japan. 

In summary, omeprazole and SS-14 are potent inhibitors 
of gastric acid secretion and have been used clinically to 
treat peptic ulcer disease. In contrast, tetraprenylacetone, 
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which is known te heal ulcers, has no effect on gastric acid 
secretion. Its efficacy is probably related to increased 
endogenous bicarbonate secretion in the upper gastroin- 


= testinal tract. It is likely that the combined use of anti- 


secretory drugs and those that promote mucosal defense 


will prove to be most effective in both the treatment and 
prevention of peptic ulcers. 


The tetraprenylacetone used was the kind gift of Esai Laboratories, 
Tokyo. 
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Discussion 


ANDREW L. WarsuHaw, MD, Boston: This is a most interesting 
study, which I have puzzled over in trying to understand it because 
I think there are some messages here that are above and beyond 
the treatment of ulcer disease. One might start by saying that most 
ulcers are relatively easily treated these days, so why get involved 
with these rather more sophisticated and complex new drugs when 
we have good stuff already? 

The study really is most interesting with regard to tetraprenyl- 
acetone. This is a drug that works not by reducing acid secretion 
but by so-called cytoprotection. The authers stated that one of the 
previous known effects of this drug is increased gastric mucus 
production, which is thought to be an important element in 
cytoprotection. But they also found that there appears to be 
increased bicarbonate secretion in the stomach as a result of 
treatment with tetraprenylacetone. That is a fascinating observa- 
tion because I, for one, did not know that the stomach made 
bicarbonate. The stomach secretes H+ into the gastric lumen, and 
the mechanism of that secretion directs bicarbonate in the other 
direction, into the interstitial space, the so-called alkaline tide. 

My first question is whether the authors are implying that 
tetraprenylacetone actually reverses in some way the normal 
direction of ionic flow across the gastric cell membranes. In trying 
to answer that, I think you need to assure us that the observation is 
valid. Can you tell us why you did that part of the study in rabbits, 
whereas the rest of the study was done in degs? Is there something 
special about dogs that would invalidate this part of the study? 
Second, the observation is based on the measurement of bicarbon- 
ate levels in the stomach. You have shown us very nicely that the 
pancreas respands to tetraprenylacetone with a very large outflow 
of pancreatic bicarbonate secretion. How do we know that the 
measured bicarbonate im the stomach was not reflux from the 
duodenum rather than primary secretion by stomach cells? 

If we now accept the fact that there is this additional bicarbonate 
secretion, where does that take us? Is this going to be used in some 
kind of setting where the conventional means of ulcer therapy is 
inadequate? Tetraprenylacetone is coming into clinical use in 
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Japan. are we going to see this being used for refractory duodenal 
ulcers? Is there something special about the treatment of gastric 
ulcers in which the role of acid secretion is probable but perhaps 
less immediate than in duodenal ulcers, which might mean that 
cytoprotection is of greater importance? Or is there some role for 
this drug for better protection or better treatment in the difficult 
situation of stress ulcers in the stomach? The treatment of estab- 
lished stress ulcers is still difficult. 

Dr Pappas: Concerning gastric bicarbonate, there is not a great 
deal known about it, since gastric bicarbonate has been very 
difficult to study. With the advent of omeprazole and the ability to 
render the stomach achlorhydric, the study of gastric bicarbonate 
has become much easier. 

With respect to the mechanism of action of tetraprenylacetone, 
in separate studies tetraprenylacetone has had a profound effect on 
the release of secretin, which accounts for the increase in pancre- 
atic bicarbonate output, and there are some data to show that 
secretin may release gastric bicarbonate. That is a possible expla- 
nation af how tetraprenylacetone works. Pyloric ligation ensured 
selective measurement of gastric bicarbonate. 

Concerning the question about bicarbonate secretion in the 
rabbit, we used rabbits because they are easy animals to study. We 
also repeated the same experiment in rats with the same results. 
Dogs are a little more difficult, more for technical reasons than 
because of anything else; because of the large stomach and the 
large amount of omeprazole used to neutralize their acid. 

As far as the potential use of tetraprenylacetone—I think the 
people who study ulcer disease these days are not troubled by our 
ability te treat acute ulceration; we are worried about what to do 
about the patients who suffer relapse. It is becoming evident that 
there are many people who do suffer relapse, either immediately 
after discontinuing their H,-antagonist therapy or months later. If 
tetraprenylacetone is able to prevent relapse, it may have an 
important role in the treatment of peptic ulceration by changing 
the natural history of the disease. Whether tetraprenylacetone 
will work in stress ulceration is not known. 
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An Organized Approach to Problem Solving 


Charles H. Nightingale, PhD; Judith Robotti, RN; 
Peter J. Deckers, MD; Philip D. Allmendinger, MD; 
Robert Lowe, MB; Henry B. C. Low, MD 


è The refiexive approach to rising hospital costs and de- 
creased revenue is to balance the budget by curtailing ex- 
penses. Thisplaces budgetary limitations on personnel, sup- 
plies, and equipment and ultimately has an impact on the 
quality of cars. An alternative approach is to modify traditional 
practice patterns so that quality is preserved and costs are 
reduced. We reviewed elective class | and Il coronary artery 
bypass graf surgery on a cost basis to identify potential 
problems. High:costs in blood and blood-product usage were 
identified. Aa in-depth analysis of practice patterns was con- 
ducted, and comparisons were made between data from our 
hospital anc other institutions. Modifications that improved 
quality and -educed costs were designed. Blood and blood- 
product usage was reduced from an average of 9.2 U to 3.4 U 
per case, resulting in an estimated cost avoidance of $111 286 
per year. No cost advantage was observed with the use of cell 
savers, membrane oxygenators, or automated coagulation 
analysis in hese routine short pump run surgeries. Though 
not cost-effective, the cell saver did allow the salvage of 2 U of 
blood per case. Mediastinal drainage systems (Sorenson) as 
well as reecucation regarding the safe, albeit low, hematocrit 
(no transfusions for hematocrits above 25% [0.25]) were effec- 
tive in eliminating unnecessary use of potentially dangerous 
and expensive blood products. 

(Arch Surg 1987;122:451-456) 
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Quality Care and Cost-effectiveness 


he health care environment continues to change 
rapidly. Throughout the country, hospital business is 
falling off. The average length of stay and number of total 
hospital discharges have decreased dramatically. Govern- 
ment, industry, and health insurers are cutting costs 
through the prospective payment system (diagnosis related 
groups [DRGs)]); prepaid plans (health maintenance organi- 
zations); discount plans (patient provider organizations); 
caps on Medicare and Medicaid spending; increased regula- 
tion, such as cost-effective utilization review programs; 
continued growth of aggressively managed, extensively 
marketed, investor-owned, and nonprofit multihospital sys- 
tems; vertical integration of multisystems and insurers; as 
well as fixed or frozen physician payment schedules. In- 
creasingly, the hospital industry is being forced to operate 
in a businesslike manner. Hospitals now find themselves 
competing vigorously for a decreasing supply of patients 
and dollars. Though the end result of this revolution is not 
predictable, a conservative wait-and-see approach is not 
reasonable. Failure to act will cause many hospitals to close 
or drastically reduce services. The result of this economic 
pressure is a generalized effort to reduce expenses, thereby 
keeping costs and revenues in balance. Unfortunately, the 
assumption often made by hospital personnel is that they 
can continue to provide the same services but in a less costly 
manner, ie, by freezing the hiring of replacement personnel 
or not purchasing new equipment. While this approach may 
be effective initially, it is not an appropriate long-term 
solution. Short-staffed services will eventually lead to 
overworked personnel. Failure to modernize equipment 
ultimately causes the hospital to be technically deficient 
and not in a good position to attract patients in our 
competitive climate. This will eventually require further 
cutbacks in expenses. 
Surgeons need to avoid being pressured into short-term 
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Fig 1.—Coronary artery bypass graft surgery costs by hospital. B & 
R indicates blood and respiratory therapy; LT, laboratory tests; OR 
& RR, operating room and recovery room; and R & C, room and 
care. Black dot inside small box indicates that this hospital had 
lowest cost for this area. 
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cost-saving programs. Instead, they should develop new 
approaches that are cost-effective and still preserve tradi- 
tional standards of excellence in patient care. This report 
describes a method that was successfully utilized to reduce 
blood and expensive blood-product usage during and after 
coronary artery bypass graft (CABG) surgery. 


METHODS 
Overview 


The cost analysis technique used is known as the value improve- 
ment program (VIP). It was based on an economic strategy 
originally developed by Travenol Management Services, Deer- 
field, Ill,* a joint undertaking of Travenol Laboratories, Deer- 
field, Ill, and the Bain Co, Boston. Essentially, the technique 
involves obtaining hospital cost data for a particular therapy and 
comparing them with data for the same therapy at similar institu- 
tions. 

The comparative data are examined to identify the lowest cost 
for each service studied. The lowest costs for each service are 
combined into a hypothetical hospital cost for comparative pur- 
poses. This information is reviewed by the VIP personnel and chief 
of service to identify target issues where unnecessary excess 
expenditure is obvious. 

A task force is then formulated, composed of representatives 
from those groups (ineluding hospital administrators) having an 
interest in the chosen issue, ie, care providers. The task force 
discusses the issues and arrives at a consensus for change that 
preserves the quality of care but offers a less costly alternative 
approach. The recommendations of the task force are reviewed and 
approved by a steering committee composed of senior adminis- 
trators and medical staff. 


Patient Selection 


Records from 55 patients undergoing CABG procedures 
(DRG-107) were analyzed in the initial cost evaluation (data shown 
in Figs 1 through 4). The average patient age was 60 years, and 87% 
of the patients were men. All of the patients were screened using 
the criteria listed in Table 1. This facilitated comparisons with 
similar patients from other institutions. 

In a postprogram comparison focusing on blood usage (April 
1986), a total of 154 patient records was analyzed (90 patients in 
fiscal year [FY] 1984 and 64 patients in FY 1986), All patients were 
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Fig 2.—Potential coronary artery bypass graft surgery savings at 
Hartford (Conn) Hospital. B & R indicates blood and respiratory 
therary; LT, laboratory tests; OR & RR, operating room and 
recovery room; and R & C, room and care. 














sy | 
MAM 


B C 


E3 Cryo 

k C3 FFP 
-= Platelets 
o Z3 WB/RBC 
3 10 

9 

8s 8 
ae i 
8 WW Ree May 
a 7} MQ Qq 
5 
ne) 
O 
2 
a 


Nm 


© 


Hartford 


Hospital 


Fig 3.—Use of blood and blood products in coronary artery bypass 
graftsurgery by hospital. Cryo indicates cryoprecipitate; FFP, fresh- 
frozen plasma; and WB/RBC, whole blood/red blood cells. 


electivdy admitted and were discharged home under self-care. The 
average age of the patients was 57 years, with a range of 36 to 75 
years, and 92% of the patients were men. All of the patients fell into 
class I or II. Exclusion criteria, in addition to those conditions 
listed ir Table 1, included anemia, cardiorespiratory arrest, con- 
gestive heart failure, transfusion reaction, and insertion of pace- 
maker cr intra-aortic balloon pump. 


Cost-of-Care Comparisons 


The cest of patient care was compared between Hartford (Conn) 
Hospita and four other similar centers performing the same 
operation on similarly screened patients. The analysis included the 
following factors: room and care costs, operating room and recov- 
ery roon costs, drugs, supplies, laboratory tests, and blood and 
respiratery therapy costs (Fig 1). This identified areas of high 
expense at Hartford Hospital. Additionally, the hospital with the 
lowest cest for each area, eg, supplies and drugs, was identified, 
and a cemposite lowest-cost hospital was constructed (Fig 2). 
Comparsons of the Hartford Hospital with this construct then 
represented costs for selected CABG procedures at Hartford 
Hospital that were in excess of the costs at other institutions. 
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Fig 4.—Use of blood and blood products in coronary artery bypass 
graft surgery by surgeon. Cryo indicates cryoprecipitate: FFP, 
fresh-frozen plasma; and WB/RBC, whole blood/red blood calls. 


In addition to interhospital comparisons, we also utilized inter- 
surgeon differences in evaluating the use and cost of bloed and 
blood products for these patients. This information allowed us to 
select cost areas for further study. Normally, one selects centers 
where the cost differences are great, eg, operating and recovery 
room costs. It is important, however, to choose areas for study that 
are readily “fixable” by the surgical staff. We chose initially to 
investigate blood usage, since we believed that usage was ex- 
cessive, that reductions were possible, and that usage was con- 
trolled by the surgeons’ style of practice. 

A task force composed of the director of the department of 
surgery, the director of the intensive care units, anesthesiotogists, 
cardiovascular surgeons, a cardiologist, operating and recovery 
room personnel, nursing and laboratory representatives, and a 
hospital vice-president was created. If this group could agree on 
changes in blood usage, then implementation of the changes would 
be simplified. To monitor whether the quality of care would be 
adversely affected by the implemented changes, we compared 
mortality and morbidity data of patients undergoing open heart 
surgery before (1984) and after (1986) implementation of this 
program. 


RESULTS 


The initial cost comparison between Hartford Hospital 
and other centers performing the same procedures on 
identically screened patients revealed that Hartford Hospi- 
tal’s cost were higher than those of some of the other 
institutions (Fig 1). The difference in cost between provid- 
ing a service at Hartford Hospital compared with what 
could be done at the “ideal” composite lowest-cost hospital 
is termed the potential cost savings and is shown in Fig 2. 
This savings per pateint, when multiplied by the total 
number of open heart procedures at Hartford Hospital per 
year, resulted in a potential cost avoidance of at least 
$2 116800 per year. The process up to this point only 
indicated the areas for fruitful further study but obviously 
attracted the attention of the administration. 

Analysis of blood usage revealed that Hartford Hospital’s 
use of blood and blood products was significantly high 
compared with some other institutions (Fig 3). Most of the 
usage was in the operating room and recovery room, with 
considerable variance among surgeons (Fig 4). It was found 
through survey and discussion that the differencesbetween 
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Table 1.—Coronary Artery Bypass Graft 
Patient Screening Criteria 

















Age 50-65 y 
Elective procedures (no emergencies) 
No insulin-dependent diabetics 
No patients with hypertension 
Eliminate patients with systolic blood pressure rating greater than 
220 mm Hg 
Eliminate patients with diastolic blood pressure rating greater than 
120 mm Hg 
Eliminate patients with carotid artery stenosis 
Eliminate patients with ventricular aneurysm 
Eliminate patients with valve replacement 
First open heart surgery 
Eliminate patients with left-sided main coronary artery disease 





Table 2.—Costs and Potential Savings With Sorenson 
Mediastinal Drainage System 


Thoradrain $37.60 x 688 procedures 25 868.80 


Sorenson system . 
Without autotransfusion $35 x 319 procedures 


With autotransfusion $94.61 x 369 procedures 




















11 165.00 
34911.09 











Increased supply cost $46 076.09 — $25 868.80 20 207.29 
Whoie blood/ 
red blood cells $49 x 2 Ux 639 procedures 36162.00 





Potential savings $36 162.00 — $20 207.29 15 954.71 





the Hartford Hospital and other institutions included the 
following: 

1. Hartford Hospital had standing orders for transfusion 
at hematocrit (HCT) of 30% [0.30] or below. Other institu- 
tions transfused at HCT of 20% to 25%, and some trans- 
fused only if the patients were symptomatic. 

2. Hartford Hospital did not recover shed blood in the 
recovery room. 

3. Other institutions used hetastarch in place of albumin 
as a volume expander. 

The fact that other hospitals were able te provide ade- 
quate care using lower transfusion criteria was presented to 
the task force and the cardiovascular staff. The staff's 
reaction to this information was one of discomfort and 
concern about the patients’ well being. However, though no 
decision was overtly made, the transfusion criteria in 
relation to stable HCT in practice were lowered. The HCTs 
at admission were 44% (0.44) and 41% (0.41) for FY 1984 and 
FY 1986, respectively. The HCTs at discharge were 34% 
(0.34) and 29% (0.29) for FY 1984 and FY 1985, respectively. 
In addition, the task force agreed to investigate the use of a 
mediastinal drainage system to recover shed blood in the 
recovery room and to use hetastarch for volume expansion 
in place of albumin. 

The task force was also interested in an automated 
system to measure heparin and protamine levels because it 
was thought this system would more easily identify in- 
stances of failure of heparin neutralization or protamine 
excess. It was postulated that excess bleeding was due to 
inaccuracies in existing methodology and technology. The 
task force believed that membrane oxygenators were less 
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*FY indicates fiscal year. 


damaging to platelets and blood products but was unsure if 
this would result in a decrease in the use of banked blood. 
Another issue explored was the use of a cell saver in the 
operating room. 

When blood usage in this selected group of low-risk 
patients (n= 21) using the membrane oxygenator was com- 
pared with that of patients (n= 85) using the bubble oxy- 
genator, no differences in blood usage were observed (9.7 
and 10.2 U, respectively). An automated machine to mea- 
sure protamine and heparin levels did not reduce the 
amount of banked blood used intraoperatively, nor did it 
reduce the amounts of heparin or protamine used per 
patient. Supply costs were increased by approximately $60 
per patient. As a result of this study, the anesthesiology 
department canceled plans to purchase two of these units 
and thus avoided an unnecessary expense of approximately 
$21 000. 

The problem of converting the staff from use of albumin as 
a colloid volume expander to use of hetastarch was ap- 
proached by first determining who was using albumin, 
where in the hospital it was being used, and its purpose. It 
was found that 29% of the use was in the recovery room, 18% 
in the operating room, 22% in the surgical intensive care 
unit, and 31% in other areas. An educational program 
directed at prescribers in these areas (surgeons, anesthe- 
siologists, and recovery room nurses) was developed, as was 
a “marketing program” to promote the use of hetastarch as 
a cost-effective alternative to albumin. Prior to these ef- 
forts, 83% of the total colloid units used were albumin, and 
17% were hetastarch. After these programs were imple- 
mented, the usages were 45% and 55%, respectively. On an 
annual basis, this represents savings of $87 751. 

Use of the cell saver in these routine cases reduced the 
need for banked blood and packed cells by an average of 2 U 
per patient. Since the disposable equipment needed for the 
cell saver costs more than 2 U of blood, no savings were 
realized from a financial point of view. However, we believe 
that salvaging 2 U of blood represented a significant im- 
provement in the quality of eare since less banked blood was 
needed. This reduced the potential for transfusion-related 
complications. In patients at risk for considerable bleeding, 
eg, those with redone CABG procedures, banked blood and 
blood product use was reduced by half, from approximately 
30 U to15 U per patient, with routine cell saver use. In these 
patients, the cell saver was cost-effective. The task force 
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Before Educational After Educational 
Program Program 
Fig 5 —Use of blood and blood products in coronary artery bypass 
graft surgery before and after educational program. Cryo indicates 
cryoprecipitate; FFP, fresh-frozen plasma; and WB/RBC, whole 
blood’red blood cells. 


Table 4.—Mortality and Morbidity* 










No. (%) of 
Total No. Patients Returned No. (%) of 
Group of Patients for Bleeding Deaths 
DAS 107 
January-June 
1984 105 18 (17.1) acs Meee 
January-June 
1986 


FY 1984 
FY 1986 


All cpen heart surgery 
Ff 1984 






*FY indicates fiscal year; DRG, diagnosis related group. 
tYear to date (October 1985 to July 1986). 


suppo-ted the staff’s effort to obtain additional cell savers 
for use in these high-risk patients. 

The use of the mediastinal autotransfusion system also 
reduced the average use of banked blood and blood products 
by 2 U per patient. Prior to the use of the autotransfusion 
system, hospital costs for blood drainage supplies were 
$25 870 (Table 2). The new system actually increased supply 
costs ky $20000 but saved an estimated $36 000 in banked 


blood etotal savings, $16 000) and enhanced the quality of x 


care. Cverall, the average use of blood and blood products 
was reduced from 9.2 ($385) to 3.4 U ($125) per patient 
(Table 3), resulting in a cost avoidance of $260 per patient, 
or a prejected annual savings of $111 286 for FY 1986 (Fig 5). 

Mortality and morbidity were not adversely affected by 
these measures. The return rate to the operating room for 
bleeding was reduced from 17.2% to 2.7% (Table 4). Deaths 
before and after the program remained the same not only 
for patents in DRG-107 but for all open heart procedures. 

COMMENT 


There have been several published reports on blood 
conservation and cost containment** that used a variety of 
techniques to achieve their goals. These included cost 


awareness**” and incentive plan‘ strategies. We have found ~ 


that the following elements are necessary to change a 
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physicians or surgeon’s practice style: 

1. An awareness of the mortality and morbidity and the 
economic impact of his or her style on the therapy in 
question. It is necessary to compare this practice with that 
at other mstitutions or with that of respected colleagues 
within the institution. 

2. A consensus among the providers of the therapy in 
question that quality-neutral changes are possible and 
desirable. 

3. A strong commitment by hospital administration that 
the recommendations of the study group will be imple- 
mented. 

To change procedures based on high costs alone is, in our 
opinion, an unsatisfactory mode of operation. The quality of 
care must be preserved or increased by the proposed 
changes while realizing significant cost savings. Before 
embarking on a cost-savings program, we carefully 
analyzed the quality-of-care issues associated with blood 
usage inpatients undergoing CABG. It is recognized that 
CABG patients have a high incidence of serious 
postoperative bleeding requiring expensive blood compo- 
nent therapy. Bleeding can be mechanical due to technical 
errors of commission or omission. Acquired acute defects in 
hemostasis are frequently observed, and many variables 
contribute to this finding.*” These include dilutional throm- 
bocytopenia, hypothermia, qualitative defects in platelet 
function, fibrinolysis, unneutralized heparin, exeessive 
protamine, and the type of oxygenator. 

Our surgeons were further concerned about the contribu- 
tion of ether factors to the excess bleeding observed after 
CABG surgery. These included use of the bubble oxy- 
genator lack of routine availability of cell savers, lack of 
routine availability of mediastinal drainage and reinfusion 
systems, and lack of a sophisticated rapid assay of heparin- 
protamme status. All complaints were examined. The in- 
creasedavailability of a mediastinal drainage and reinfusion 
system and the cell saver were related to a decrease in 
banked bleod use. However, only the mediastinal drainage 
system was associated with a net decrease in cost. Other 
procedural changes, such as intraoperative drainage and 
reinfusion from blood lines, the use of blood cardioplegia, 
and insermittent anoxic arrest in place of crystallized 
cardioplegia, reduced the extent of intraoperative hemo- 
dilution and decreased the need for banked blood. 

Our analysis system allowed us to examine our practice in 
relation to that of other centers. Through this, we could 
potentially correct misconceptions. It allowed us to ex- 
amine and test physician prejudices and to make recom- 
mendations to the administration concerning equipment 
purchases that were data dependent rather than subjective. 
Moreover, it focused a “spotlight” supported by data on 
practic patterns. Change occurs through education and 
introspection rather than through externally applied regu- 
lations. Constant emphasis was placed on the surgical 
dictum that meticulous surgical technique is probably the 
most important factor influencing blood usage. 

The fundamental issue explored was “could physicians 
contain costs without compromising care in the DRG envi- 
ronment, a system that allocates to hospitals a predeter- 
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mined, fixed sum of money to care for each patient?” 
Hospital payments are no longer and probably never will be 
again based on actual retrospective costs. 

It is argued that DRGs will, by virtue of their incentive to 
spend less, actually force us to do less for the patient, ie, cut 


back on beneficial or necessary therapies." The cost-analy- _ 


sis process (VIP) argues just the opposite. For the present, 
health care is not economically efficient. There is too much 
“fat,” “overutilization,” “duplication,” and “waste” in the 
system. The described cost analysis process can identify 


costs in any DRG that are an economic disadvantage to the - z 


hospital and that are at sharp variance with those of 
similarly sized and staffed health care facilities. 


Our thesis is that physicians can then analyze the excess 


costs in a particular clinical area (ie, antibiotics, respiratory 
therapy, laboratory tests, blood usage) and design behavior 
modifications that reduce expense without compromising 
care; in fact, care may actually be improved, eg, by de- 
creased blood-product use, resulting in less risk of hepati- 
tis, acquired immunodeficiency syndrome, and autosen- 
sitization. 

When “overage” in the system is eliminated, then a real 
conflict between further cost cutting and preserving qual- 
ity exists. Our thesis is that this time has not yet arrived. It 
is not unreasonable or unethical in an era of exploding 
medical expenditures for providers to be forced to consider 
the patients medical needs while also considering the 
societal benefit of controlling costs. 

Hospitals must balance the services they provide with 
the capitation allowed for each DRG—or go broke! In the 
absence of large endowments, this is the only alternative. If 
all services are necessary to remain quality neutral, then 
the services must be efficiently delivered. Moreover, if less 
expensive alternatives exist, they must be substituted for 
more expensive standard, but not more effective, ap- 
proaches. An effective tool to accomplish this is the method- 
ology described in this report. We are not asking that the 
hospital or physicians cut corners and put out a cheap 
product—only that they eliminate expensive and unneces- 
sary elements of medical care. 

In any capitated system, all physicians must become 
effective health care managers—gatekeepers, if you will. 
Today’s physician must plan, provide, coordinate, and con- 
trol services. The described analysis process provides 
objective data that allow fair, physician-directed, quality- 
preserving decisions. This methodology is a push toward 
conservatism in medical care and expenditures without 
sacrificing quality—a push that is directed and controlled 
by physicians rather than mandated by the hospital. Today, 
69% of physicians admit that they consider the cost of 
treatment more than they did five years ago, and 71% 
believe that medical care costs can be reduced without 
reductions in the quality of care.“ This attitude indicates 
that physicians are ready to participate in cost-manage- 
ment programs. 
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Discussion 


James O. MENzor1aANn, MD, Boston: I believe that the authors 
have given us some thought-provoking ideas. First of all, to 
paraphrase some cf the findings in their study, there isno question 
that there is some “fat” in the system—lI know it, they know it, we 
all know it—and there is no question that we will have to change 
our way of practice. It will no longer be business as usual. There is 
tremendous pressure on us from all areas to reduce the cost of 
caring for patients. 

- I think the key thing the authors stress is that physicians should 
be involved in these cost analyses. Most of these problems, to use 
their term, are physician-fiwable. We are the ones spending the 
money to take care of these patients, so we are the ones who ought 
to look at how we are spending. In addition, besides rendering 
care, we are supposed to monitor the quality of the care. It would 
be better that the previder of the care do the monitoring rather 
than some administrator who is an expert in numbers but not in 
patient care. 

I think the results of the Hartford Hospital study show that costs 
went down. Blood-product usage also went down. Interestingly, a 
number of physician prejudices were cerrected: (1) “It could not be 
done”—well, they did it. (2) “We need much more expensive 
equipment, like a different kind of oxygenator” —well, that was not 
true. (3) “We needed this Hepcon machine”—that was not true. (4) 
“Our patients could not tolerate a hematocrit of 25% (0.25)”—well, 
that was not true either. An interesting finding was that the 
operating room return rate fell dramatically, from 17% to 2.5%. So, 
as a result of this study, costs went down, morbidity (operating 
room return rate) went down, and the quality of care was main- 
tained and, in fact, improved. 

I have some questions to ask Dr Nightingale. Why do you think 
the operating room return rate dropped so dramatically? What role 
do you think this so-called surveillance awareness factor plays? 

In addition, I think you have underestimated the value of your 
study. The most significant way to reduce costs is to reduce the 


number of days in the hospital and the amount of time in the 
opereting room. Unquestionably, this must have occurred; since 
your >perating room return rate fell so dramatieally, time in the 
operating room must have fallen. If patients are returned to the 
operating room less frequently, then time in the hospital must have 
also fallen. Therefore, I think you have probably incurred much 
greater savings. 

Dr NIGHTINGALE: In response to the first question about why 
the return-to-surgery rate went from 17% to about 2%—frankly, I 
do not know. I can speculate, however, that the fact that we raised 
so many issues about blood usage and studied this situation so 
closely probably heightened the awareness of many surgeons. This 
may have played a role in instituting some subtle changes in 
practice or technique that resulted in this change in the return rate 
to the operating room. 

I agree that we probably did underestimate the savings. What 
we locked at was the cost per surgery. We did not look at the 
reduction in redone operations in terms of cost and reduction in 
length of stay. One thing we found was that any changes made in 
one surgery carry through to many related surgical procedures. 
The sawings this generated were not calculated. The effects we saw 
in this particular procedure are seen in most open heart surgery. 
We are next going to look at some colorectal procedures, and we are 
sure that any changes will carry through to many types of 
abdominal surgery. 

The question about whether house officers were responsible for 
the hich rate of blood usage is an interesting one. I think house 
officers frequently order too many things. It is the attending 
physiczans, however, who allow these practices to continue. House 
officers will be going out on their own to become attending 
physicians at some point. The techniques we are describing and the 
lessons to be learned from them will have an impact on ordering 
practices for years after this study. 
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ARCHIVES OF OTOLARYNGOLOGY-HEAD & NECK SURGERY 
Functional Evaluation of Pharyngoesophageal Reconstructive Techniques 
Gary L. Schechter, MD; John W. Baker, Jr, MD; David A. Giloert, MD 


This werk represents a 12-year experience from the Eastern Virginia Medical School, Norfolk, with 115 
patients who had pharyngoesophageal resections for cancer trea-ment. Each patient received reconstruction 
by one of four major techniques: deltopectoral flaps (n= 43), pectoralis myocutaneous flaps (n= 36), gastrie 
pull-ups (n=19), and free jejunal autografts (n=17). An analysis of the procedures with emphasis on the 
functional results indicates that each technique has advantages :n specific circumstances. Guidelines for the 
application of these techniques are presented (Arch Otolaryngo. Head Neck Surg 1987;113:40-44). 
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Management of Recurrent Pelvic ‘Tumors 


Peter N. Benetti, MD; Albert Bothe, Jr, MD; Robert C. Eyre, MD; 


Blake Caéy, MD; William V. McDermott, MD; Glenn Steele, MD 


èe The management of regional tumor recurrence in the 
pelvis traditionally has been a difficult problem for surgeons 
and oncelogists. The only meaningful therapy for these pa- 
tients is a potentially curative re-resection. The records and 
operative reports of 29 patients with regional pelvic tumor 
recurrence treated between 1981 and 1986 were reviewed. The 
operative procedures performed included three bowel resec- 
tions, six abdeminoperineal resections, eight pelvic exentera- 
tions, eight resections of tumor recurrence, and four conserv- 
ative procedures. There was one operative death in this group. 
Significent morbidity was noted in the group but was clustered 
in a small number of patients operated on early in the series. 
The median follow-up in this series was 13 months (range, two 
to 51 months). Nineteen (65%) of the patients are surviving ata 
median tollow-up of ten months (range, two to 51 months). The 
median survival (following resection) in the ten patients (35%) 
who died was 18 months. In 15 (52%) of the patients, a complete 
resection was performed. In this group, the survival is 80% 
with a median follow-up of 11 months. Seven (37%) are surviv- 
ing with no evidence of disease. Palliation of symptoms 
occurred in 23 (79%) of the 29 patients. Radical resection of 
tumor recurrence in the pelvis can be performed with accepta- 
ble mortality anc complication rates. This therapy should be 
considered for further clinical trials combining surgical and 
adjuvant therapy in patients with regional pelvic tumor recur- 
rence. 

(Arch Surg 1987 ;122:457-460) 


he management of tumor recurrence in the pelvis is a 

difficult problem for surgeons, oncologists, and ra- 
diotherapists for many reasons. Pelvic tumor recurrence is 
often silent until the onset of symptoms indicates advanced 
disease. Present chemotherapy and external beam radia- 
tion therapy regimens have achieved little in terms of either 
cure or symptomatic relief of the cancers, most often 
causing pelvic regional failure. Surgeons have traditionally 
avoideé major radical resections for recurrent tumors in 
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areas where anatomic/surgical planes are obliterated, as 
the morbidity and mortality is not balanced by the pos- 
sibility of cure. In most cases, once tumor recurrence in the 
pelvis has achieved sufficient size to cause symptoms and 
impair performance status, all current therapeutic medal- 
ities have had limited success. 

To obtain additional information concerning possible new 
treatment plans to manage patients with this difficult type 
of regional tumor recurrence, we have reviewed our five- 
year experience with all patients undergoing exploratory 
laparotomy for pelvic tumor recurrence at the New Eng- 
land Deaconess Hospital, Boston. 


MATERIALS AND METHODS 


The records and operative reports of 29 patients with pelvic 
tumor recurrence, treated between 1981 and 1986, were reviewed. 
Clinical presentation, time course of recurrence, adjuvant therapy, 
the type of surgical procedure performed, complications, survival, 
and palliative success were examined. All patients were followed 
up until death or most recent interview. Survival and performance 
status information to the present was updated by record review 
and personal phone calls conducted by one of us (F.N.B.). 

The median age of the 29 patients was 66 years range, 25 to 76 
years). The different histologic and tumor types are detailed in 
Table 1. Seventy percent of the patients underwent surgery for 
regionally recurrent colorectal carcinoma. Clinical presentations 
of the patients are outlined in Table 2. The majority of the patients 
were disabled with pain syndromes requiring narcotics ‘or man- 
agement. As indicated in Table 2, many of the patients had multiple 
disabling symptoms. Less than 15% of the patients had relatively 
asymptomatic regional tumor recurrence at the time of surgery. 

The operative procedures performed are outlined in Table 3. 
Thirteen (45%) of the patients had undergone previous external 
beam radiation therapy. Ten patients (34%) underwent intraopera- 
tive radiation therapy at the time of their surgical procedures as 
part of a combined intraoperative and external beam adjuvant 
treatment plan. 


RESULTS 


The complications of the 29 procedures are outlined in 
Table 4. One operative death occurred early in our series. 
This patient suffered from an unresectable infected pelvic 
tumor recurrence of endometrial carcinoma. She had failed 
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Table 1.—Different Tumor Types Encountered in 29 Patients 
Undergoing Surgery for Pelvic Tumor Recurrence 





Table 2.—Clinical Symptoms That Led to 
Reoperation for Regional Pelvic Tumor Recurrence* 


| Clinical Presentation No. (%) of Patients 


Pain syndromes 

Pelvic mass 

Pelvic sepsis 

Bloody stool 

Urologic symptoms 
Anastomotic recurrence 
Weight loss 
Constipation 

Fistula 


*Many of the patients suffered from multiple symptoms. 


Table 3.—Operations Performed in the 29 Patients 
Undergoing Exploration for Pelvic Tumor Recurrence 


Operative Procedures No. (%) of Patients 


Laparotomy, biopsy, colostomy 
Bowel resection 
Abdominoperineal resection 
Pelvic exenteration 

Radical resection of recurrence 


Table 4.—Complications Encountered in the 29 Patients 
Undergoing Exploration for Pelvic Tumor Recurrence 


Bacteremic sheck 
Fever 

Respiratory failure 
Renal failure 
Deaths 
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Table 5.—Follow-up and Survival Data 
From the 29 Patients Distinguished by Resection Type 


Median 
Follow-up 
Time 
(Range),mo NED* 


No. (%) 
of Patients 


No. (%) 
of Survivors 
Curative 

resections 
Palliative 
resections 14 (48) 5 (38) 9 (2-51) 
*Seven patients who underwent curative resection have no evidence of 
disease (NED). 


15 (52) 12 (80) 11 (2-42) 





Survival, % 


© Curative Resections (n= 15) 
® Palliative Resections (n= 14) 





0 8 16 24 32 40 48 


Months 


Kaplan-Meier survival curves for patients undergoing surgery for 
pelvic tumor recurrence broken down into two groups, as deter- 
minec by completeness of surgical resection. 


to respond to external beam radiation therapy and was 
experiencing obstruction of her terminal ileum and distal 
urinary tract. Her death was secondary to a failed intestinal 
and urinary anastomosis in the setting of pelvic infection. 
As is common with other technically demanding operative 
proeedures, the complications appeared tobe more common _ 
in our earlier experience. More than half of the total ~ 
complications, and all of the more serious life-threatening 
complications, occurred in four of the 29 patients who were 
operated on earlier in the series. The last 15 patients in our 
series experienced no significant complications. 

The follow-up in our series ranged from two to 51 months. 
The median follow-up in the entire series was 13 months. 
There are 19 survivors (65%) and have been ten deaths (35%) 
in this series. The median follow-up in the survivors is ten 
months (range, two to 51 months). The median survival in 
the patients who died was 18 months. In 25 patients (85%), a 
majer resection was performed. In the remaining 15%, the 
tumor was unresectable, allowing only biopsy and/or fecal 
diversion. If one defines a curative resection as one in which 
the surgeon feels the resection is complete without leaving n 
gross tumor behind, 15 (52%) of the 29 patients in this series 
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underwent curative procedures. Fourteen (48%) of the 29 
patients underwent palliative procedures. In the curative 
group, the survival is 80% with a median follow-up of 11 
months. In the patients undergoing only palliative resec- 
tions, the survival is 50% with a median survival of nine 
months. Of all patients alive in the series, seven (37%) are 
surviving with ne evidence of disease (Table 5, Figure). 
Significant palliation of symptoms, as judged by reduc- 
tion in narcotic requirement and/or improved performance 
status, oecurred in 23 (79%) of the 29 patients. Of those who 
were palliated, 21 of 23 underwent major resections. Only 
two of the 23 who achieved palliation underwent more 
conservative procedures. In six (21%) of the 29 patients, 
palliation was judged to be poor. Three of these patients 
underwent major resections, and three underwent conserv- 
ative procedures. 


COMMENT 


Regional pelvic recurrence constitutes a major manage- 
ment problem because of the severe disability associated 
with advanced disease and the relative lack of success with 
nonsurgical treatment modalities.’* Anecdotal literature 
reports** of extended palliation and disease-free survival in 
eases in which re-resectional therapy could be carried out 
prompted us to review our experience with laparotomy and 
resection for regional pelvic tumor recurrence. 

In cases of colorectal carcinoma, which made up 70% of 
our series, the overall survival rate has not changed in the 
past 20 years.** Despite variation in surgical technique, 
regional pelvic recurrence rates have remained stabie be- 
tween 10% and 30% (Table 6).°” Factors known to pre- 
dispose to pelvie colorectal carcinoma recurrence include 
tumor penetration through the bowel wall, positive lymph 
nodes, histelogie grade of the tumor,”””” circumferential 


Tabie 6.—Review of the Literature Concerning Patterns 
of Recurrence of Rectal Carcinoma 
, % 
——_———— 


Pattern of Recurrence, 













No. of Local and 
_ Source, y Patients Local Distant Distant 
Rich etial,? 1983 166 16.9 30.2 Fah 















Source, y Diagnosis 
Kiselow et al,'> #967 Advanced pelvic tumors 
Boey et al,'* 1982 Locally invasive colorectal carcinoma 


Ledesma et al,” 1981 
Wanebo et ai,'® 1981 
Segall et al,'° 1981 
Present series 


Locally invasive colorectal carcinoma 
Regionally recurrent rectal cancer 





Recurrent pelvic tumors 
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Table 7.—Mortality Statistics for Patients Undergoing Major Resection 
for Either Advanced Primary Pelvic Tumors or Pelvic Tumor Recurrence 


Recurrent rectal cancer after low anterior resection 


margin, and position of the tumor in the lower rectum. 
When more than one of the above risk factors are present, 
local recurrence rates are approximately 40%." 

The natural history of pelvic recurrence in colorectal 
carcinoma has been evaluated. McDermott et al” have 
estimated a median survival of 35 months from the original 
curative resection for locally recurrent colerectal ear- 
cinoma. Similar data have been reported by Phiels et al.“ 
Rao et al® calculated the mean survival after diagnosis of 
recurrent colorectal carcinoma to be 13 months. They felt 
that this would be shortened in the presenee of pe vic 
regional recurrence. In the series described by Gunderson 
et alè, recurrence of pelvic disease or initial inoperability 
resulted in a median life expectancy of seven months. Fifty 
percent of their patients dying with recurrence had disease 
confined to the pelvis. 

The poor prognosis of regional pelvic recurrence from 
colorectal carcinoma is further compounded by the major 
disability and impaired performance status that occurs in 
this situation. The advanced tumors encountered in this 
series occurred because of the long-standing reluctance of 
surgeons to consider radical resection in the face of substan- 
tial complications and a low likelihood of cure.” 

To accurately assess complication rates, we elected to 
include all patients undergoing major surgery for recurrent 
pelvic tumors. Despite the advanced disease in the pa- 
tients, a major resection was possible in 25 (86%) of the 
patients. In 15 (52%) of the patients, the resection was 
considered by the surgeon to be complete and potentially 
curative. Our analysis of complications indicates that major 
re-resections in the pelvis can be carried out with an 
acceptable mortality and morbidity. As with other demand- 
ing surgical procedures, complication rates improve with 
the experience of the operating team. Our complication 
rates compare favorably with established complication 
rates for radical surgical procedures in the pelvis (Table 7). 
Boey et al® and Ledesma et al” recorded mortality rates of 
18.4% and 10%, respectively, for primary radical resections 
of locally advanced rectal carcinoma. Wanebo and Marceve™ 
reported an 18% mortality in a small series of patients with 
pelvic recurrence of rectal carcinoma. Segall et al” reported 
no mortality in a small series of patients undergoing addom- 
inoperineal resection for pelvic recurrence after low ante- 
rior resection. Kiselow et al reported a 10% overall mor- 
tality in a large series of pelvic exenterations for both 
locally invasive primary pelvic tumors and regional tumor 
recurrence. When these authors reviewed their experience 






No. of 
Operations Patients Mortality, % 
Pelvic exenterations 312 10 
Pelvic exenterations 49 18.4 
Pelvic exenterations 30 10 
Abdominal sacral resections 11 18 
Abdominoperineal resections 12 0 


Varied resections 
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with 90 eases during the last five years of their 15-year 
experience, the mortality was 7%. 

Although the follow-up is limited, the data suggest that 
when adequate resection ean be performed, effective pallia- 
tion of symptoms and an improvement in performance 
status can be expected. Despite the fact that the majority of 
these patients were disabled with advanced disease, in over 
half, complete resections were accomplished. Of those who 
underwent complete resection, half are enjoying disease- 
free survival (between two and 42 months). It is quite likely 
that results would be improved significantly if patients with 
pelvic recurrence diagnosed early in the evolution of their 
disease were offered resectional surgery. 

The effect of intraoperative radiation therapy (IORT) was 
not formally addressed in this study. When IORT was 


administered to the pelvic field (34% of patients), it was 
directed toward areas of previous tumor adhesion and/or 
residual microscopic disease. Data from recent clinical 
trials suggest that combined perioperative external beam 
and IORT will, when coupled with adequate surgical resec- 
tior, augment both regional disease control and survival.” 

We conclude that (1) radical resection for tumor recur- 
renee in the pelvis can be implemented with acceptable 
morbidity and mortality; (2) adequate palliation of symp- 
toms and possible disease-free survival can be anticipated 
when complete resection can be accomplished; and (3) 
further clinical trials assessing combined radical resections 
and. adjuvant therapy are indicated in patients with regional 
pelvic tumor recurrence identified earlier via careful tumor 
surveillance. 
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Discussion 


FREDERICK W. AckroyD, MD, Boston: Which patients should 
be candidates for this treatment? How much should be done? What 
are the chances of a cure? Are there other options? What are the 
risks? Are the patients better off after their re-resection? 

1. Who are the candidates? Dr Ketcham, in a recent review, 
listed the preoperative contraindications to re-resection as wide- 
spread metastases, fixation of the tumor to pelvic wall, sciatica, 
obstruction of both ureters, and leg edema. The intraoperative 
contraindications to re-resection that Dr Ketcham also listed were 
metastases to aortic nodes or beyond the pelvis, extension deep 
into the lateral pelvic wall or down into the perineum, and 
extension to multiple loops of bowel. 

2. How much should be done? Rectal tumors usually recur 
locally. They biologically seem to grow more slowly than some 
other tumors and therefore make patients with rectal tumors likely 
candidates to benefit from reoperation and an aggressive ap- 
proach. 

3. Is carcinoembryonic antigen (CEA) an indicator for explora- 
tion? Ninety-five percent of the patients described by Martin et al 
who had an elevated CEA level had recurrence; 58% of those 
patients could be resected for cure; and 31% of the patients who 
were resected were alive and well five years after their resection 
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for a re-recurrence. Re-resection certainly is an opportunity for 
improving the present statistics. 

å. Are there other options? In my view, probably not to obtain a 
cure. What are the risks? Benotti et al listed theirs and those of a 
large number of other authors—between 4% and 18% mortality— _ 
and about one fourth of them experience severe complications. I 
think it is worth it because I think you extend the possibility of a 
cure <0 selected patients who otherwise have very little in the way 
of epcions. 

Finally, I think that the CEA is a very good indicator and marker 
for fcllowing up these patients in their postoperative phase and 
offers an excellent opportunity to improve the current survival 
statistics. - 

Dr BeEnorrtI: I agree with your comments. I think we have a 
modality that, in eertain situations, can improve the quality of life 
and >erhaps extend life expectancy. We would be guided in 
selec-ing these patients largely by some of the problems encoun- 
tered in our series. I think that under certain circumstances, 
patients with regional disease who do not have disseminated 
disease should perhaps be considered for this type of approach, it is 


hoped, in the form of some type of protocol so that further ps 


information can be generated. 
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Resection of Tumors in Irradiated Fields 


With Subsequent Immediate Reconstruction 


Leonard B. Miller, MD; Glenn Steele, MD; Blake Cady, MD; Francis G. Wolfort, MD; Albert Bothe, Jr, MD 


è With increased use of primary radiation therapy for treat- 
ment of cancer and adjuvant radiation therapy after surgical 
removal of a bulk tumor, recurrence in these fields has posed 
significant new and increasingly technical and biologic prob- 
lems. We report our experience with ten such cases in which 
difficult wounds were reconstructed immediately after major 
regional resections of advanced or recurrent tumors in fields 
of previous irradiation. All of these patients could undergo 
extirpation of their recurrent tumors in irradiated fields be- 
cause of improved techniques in reconstructive flap surgery 
allowing targe amounts of well-vascularized tissue to be trans- 
ferred, sometimes over a significant distance. Follow-up of 
these patients has ranged from three to 18 months (median, 
nine months). Primary healing, decreased deformity, reduced 
morbidity, and prolonged disease-free intervals have been 
achieved with the combination of extirpative and reconstruc- 
tive techniques. 

(Arch Surg 1987;122:461-466) 


rimary or adjuvant radiotherapy is used more fre- 
quently today in the management of malignant tumors 
in all areas of the body.** In addition to the occurrence of a 
variety of complications from radiotherapy,** locally recur- 
rent tumors in the field of irradiation are becoming more 
common.’ With the treatment of some advanced cancers 
with preoperative radiotherapy, problems of wound healing 
following major resections are also being experienced.* 
Much has been written on the management of radiation 
wounds by reconstructive surgical techniques.*” An em- 
phasis, however, has not been made on the prevention of 
chronic radiation wounds in situations where extirpative 
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Fig 1.—Patient 2. Defect of perineum and pelvis after pelvic 
exenteration, with elevation of deepithelialized gluteal thigh flap 
before transposition. 
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Fig 2.—Patient 2. Three weeks later, primary healing of perineum 
and thigh donor site. 


surgery may be necessary. Resection of these tumors in 
irradiated fields has often been contraindicated because of 
problems with wound healing, associated with the large 
anatomic defects and exposure of vital structures. The 
relatively high incidence of late complications also makes 
this kind of surgery hazardous. 

However, improved techniques in reconstructive flap 
surgery” have enabled repair and primary healing to 
oecur in areas of previous irradiation. Large amounts of 
well-vascularized and nonirradiated tissue (omental, mus- 
cle, musculocutaneous, and fasciocutaneous flaps) carrying 
their own blood supply can be transferred into the surgical 
defect, sometimes over large distances. Our experience 
now shows that in addition to primary healing, reduced 
deformity and morbidity, as well as prolonged disease-free 
intervals, have been achieved. 

Simpler methods of reconstruction, such as primary wound 
closure, advancement, or local skin flaps and skin grafts, are 
often doomed to failure because of problems with locally 
diminished wound-healing capacity, tension on the wound 
closure, and poor vascularity of the surrounding tissue. 

We report our experience with ten such cases over 18 
months in which difficult wounds were reconstructed imme- 
diately after major regional resections of recurrent tumors 
in fields of previous irradiation. 


REPORT OF CASES 


At the New England Deaconess Hospital, Boston, over the last 
18 months, ten patients have undergone immediate reconstruction 
of defects in irradiated fields following resection of recurrent 
tumors. Areas involved have included the pelvis, abdominal wall, 
and chest wall. 
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Fig 3.—Patient 3. Extensive defect of pelvis after posterior pelvic 
exenteration, and design of bilateral gluteal thigh flap. 
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Fig 4.—Patient 3. One year later, after successful pelvic and vaginal ry 
reconstruction. 
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Fig 5.—Patiert 7. Deformed right breast after multiple \umpec- 
tomies and raeiation treatment. Most recent biopsy specimen from 
upper inmer quadrant showed recurrent tumor. 


t 


Fig 6 —Paient 7. Extensive chest-wall defect after wide resection R- 
of right breast, and design of transverse abdominal island flap. e 


Fig 7.—Patient 7. Result one month postoperatively. 
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Fig 8.—Patient 6. Plan for wide resection of recurrent breast cancer 
in irradiated breast. Note puckering in area of recent biopsy. Design 
of lower abdominal transverse island flap is shown. 





Fig 9.—Patient 6. Right breast reconstruction six months later. 


Pelvis 


Two patients developed recurrent cancer of the rectum with local 
invasion. Both had initially been treated by low anterior resections 
(Dukes’ stage B) with postoperative radiotherapy. Patient 1, a 36- 
year-old man, underwent a subsequent Miles procedure with wide 
local resection of pararectal tissue and prostate gland. Patient 2, a 
70-year-old woman, underwent a total pelvic exenteration because 
of involvement of the bladder and cervix by recurrent tumor. Both 
of these patients had immediate reconstruction with posterior 
gluteal thigh flaps, completely filling the pelvic dead space (Figs 1 
and 2). Patient 3, a 40-year-old woman, presented with advanced 
rectal cancer invading pelvic structures, as well as primary 
cervical cancer. She received preoperative radiotherapy (5000 rad 
[50 Gy]). A Miles resection and total abdominal hysterectomy with 
bilateral salpingo-oophorectomy were performed together with 
intraoperative radiotherapy (2000 rad [20 Gy]). The bladder and 
anterior vaginal wall were left intact. A vaginal reconstruction and 
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filling of the presacral space with bilateral gluteal thigh flaps was 
then carried out (Figs 3 and 4). 

Another patient (patient 4), a 30-year-old woman, developed a 
recurrent malignant schwannoma of the sciatic nerve in the area of 
the ischiorectal fossa. In 1982, she was treated with radiotherapy 
alone. A recurrence in 1984 was treated with an additional 5400 rad 
(54 Gy). On this occasion, an extensive resection with removal of a 
portion of the lateral vaginal wall was performed. The dead space 
was filled with buried deepithelialized gracilis myocutaneous flap 
covering exposed ischial bone in the depths of the devascularized 
wound. Margins of the resected specimen were free of tumor. 


Abdomen 


Patient 5, a 63-year-old man, developed a recurrent tumor of the 
left colon at the anastomosis site. One year previously, he had 
undergone a sigmoid colectomy with an en bloc resection of a 
portion of his involved anterior abdominal wall. A left hepatic 
lobectomy for a single metastasis was also performed. A dose of 
6000 rad (60 Gy) was administered postoperatively to the abdomi- 
nal wall. He then presented with chronic inflammatory radiation 
changes of the anterior abdominal wall, with a draining sinus 
extending down to the site of probable regional tumor recurrence. 
He underwent a wide full-thickness resection of the left anterior 
abdominal wall en bloc with the segment of involved bowel. Most of 
the radiation-damaged tissue, together with the anterior half of 
the iliac crest, was excised. A small hepatic metastasis in the right 
lobe of the liver was also locally excised. The large peritoneal and 
fascial defect was reconstituted with a free graft of fascia lata 
measuring 16 x 12 em. The extensive soft-tissue defect and exposed 
iliac bene were covered with an inferiorly based rectus abdominis 
myoeutaneous flap from the right side of the abdomen together 
with local advancement skin flaps. 


Chest Wall 


Patients 6 and 7 were 50- and 48-year-old women, respectively. 
Following lumpectomy and irradiation, both had total mastec- 
tomies with wide skin ellipses for recurrent breast cancer. Immedi- 
ate reconstruction was performed in each case with a transverse 
abdominal island flap. The large skin island of the flap, supported 
by the blood supply through the rectus abdominis muscle, was in 
each situation able to cover the wide chest-wall defect and allow 
reconstruction of a breast mound comparable in size to the other 
side (Figs 5 through 9). 

A third patient (patient 8) developed a right-sided chest-wall 
metastasis five years after a modified radical mastectomy and 
postoperative irradiation. A wide excision of the recurrence with a 
rectus abdominis myocutaneous flap breast reconstruction was 
performed. 

Another patient (patient 9) had advanced inflammatory breast 
cancer treated with radiotherapy and chemotherapy. She subse- 
quently underwent total mastectomy and a transverse abdominal 
island breast reconstruction. 

The fifth patient (patient 10), a 32-year-old man, underwent 
chest-wall reconstruction with a pectoralis major muscle flap and 
skin graft. He had a wide resection of the manubrium and upper 
sternum for a radiation-induced osteogenic sarcoma. Twenty years 
earlier, he had undergone an orchiectomy for a teratoma followed 
by irradiation of the mediastinum and supraclavicular fossa for 
lymph nede involvement. 


Follow-up Results 


Follow-up of these ten patients has ranged from six to 18 months. 
Asummary ofall the patients presented in this series is given in the 
Table. Primary wound healing was achieved in each case. Local and 
distant tumor recurrence has occurred in two patients each. One 
patient (patient 2) with recurrent rectal cancer had extensive 
invasion of the perirectal tissue and, after a total pelvic exentera- 
tion, developed a tumor nodule adjacent to the gluteal thigh flap. A 
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Patients Undergoing Combined Procedures of Tumor Resection and Immediate Reconstruction in Fields of Irradiation 


Patient/Age, y/Sex 


Tumor 
Recurrent rectal cancer 


Recurrent rectal cancer 


Advanced rectal cancer, 
synchronous cervical 
cancer 


Recurrent malignant 
schwannoma in sciatic 
nerve 


Recurrent sigmoid 
cancer with abdominal 
wall involvement and 
left hepatic metastasis 


Recurrent, 
undifferentiated 
infiltrating ductal breast 
cancer 


Recurrent infiltrating 
ductal breast cancer 


Recurrent infiltrating 
ductal breast cancer of 
right-sided chest wall 


Advanced inflammatory 
breast cancer 


Osteogenic sarcoma in 
sternum 


Initial Treatment 


Low anterior resection, 
postoperative radiotherapy 
(5000 rad [50 Gy]) 


Low anterior resection, 
postoperative radiotherapy 
(6000 rad [60 Gy]) 


Preoperative radiotherapy 
(5000 rad [50 Gy]) 


Radiotherapy (>6000 rad 
[>60 Gy]), biopsy 


Sigmoid colectomy, partial 
abdominal wall excision, left 
hepatic lobectomy, 
postoperative radiotherapy 
(6000 rad [60 GY]) 


Lumpectomy/axillary dissection, 
postoperative radiotherapy 
(4600 rad [46 Gy]), iridium 
implant 


Lumpectomy/axillary dissection, 
radiotherapy (6000 rad [60 
Gy]), chemotherapy 


Left radical mastectomy, right 
total mastectomy, 
postoperative radiotherapy 
(6000 rad [60 Gy]) 


Radiotherapy (6000 rad [60 Gy]), 
chemotherapy 


Orchiectomy for teratoma, 
radiotherapy of mediastinum 
and supraclavicular area for 
lymph node metastases 


Surgical Management 


Miles resection/prostatectomy, 
posterior gluteal thigh flap, 
intraoperative radiotherapy 
(2000 rad [20 Gy]) 


Total pelvic exenteration, posterior 
gluteal thigh flap 


Posterior pelvic exenteration, total 
abdominal hysterectomy and 
bilateral salpingo-oophorectomy, 
intraoperative radiotherapy 
(2000 rad [20 Gy)), bilateral 
posterior gluteal thigh flaps 


Wide local excision, ischiorectal 
fossa/lateral vaginal wall, gracilis 
myocutaneous flap 


En bloc colon and wide abdominal 
wall resection, right hepatic 
metastasis excision, fascia lata 
graft, rectus abdominis 
myocutaneous flap 


Total mastectomy, breast 
reconstruction with rectus 
abdominis myocutaneous flap, 
chemotherapy 


Total mastectomy, breast 
reconstruction with rectus 
abdominis myocutaneous flap 


Wide excision and bilateral breast 
reconstruction with rectus 
abdominis myocutaneous flaps 


Total mastectomy, rectus 
abdominis breast reconstruction 


Resection of manubrium and upper 
sternum, pectoralis major 
muscle flap and skin graft 


Outcome 


Primary wound healing, 
no recurrence; 
follow-up, 9 mo 


Local and distant 
recurrence at 6 mo 
postoperatively 


Primary wound healing, 
no recurrence; 
follow-up, 18 mo 


Primary wound healinc, 
no recurrence; 
follow-up, 6 mo 


Primary wound healing, 
no recurrence; 
follow-up, 1 y 


Primary wound healing, 
no recurrence; 
follow-up, 16 mo 


Primary wound healing, 
no recurrence; 
follow-up, 12 mo 


Primary wound healing, 
no recurrence; 
follow-up, 18 mo 


Primary wound healing, 
local and distant 
recurrence at 6 mo 
postoperatively 


Primary wound healing, 
no recurrence; 
follow-up, 12 mo 





local excision was performed; since this time, a pulmonary metas- 
tasis has oceurred. 

The other patient (patient 9), with advanced inflammatory 
breast cancer, had undergone a total mastectomy. She presented 
three months later with diffuse local recurrence and distant 
metastasis. 

Significant persistent pain following reconstruction occurred in 
one patient (patient 3) who underwent a posterior pelvic exentera- 
tion and vaginal reconstruction for extensive rectal and a synchro- 
nous cervical cancer. She has had no signs of recurrent cancer in the 
18 months since her last procedure. 

Good aesthetic results were achieved in each of the patients 
undergoing breast reconstruction. Patient 7, with a poorly differ- 
entiated diffusely infiltrating ductal carcinoma, had tumor at the 
margins on permanent section (frozen section of the margins at the 
time of mastectomy was normal). She underwent a course of 
chemotherapy and one year later shows no evidence of recurrence. 

In general, functional problems and morbidity have been kept to 
a minimum. Hospitalization has been kept to under three weeks in 
each case, and postoperative outpatient care has been uncompli- 
cated. 

COMMENT 

The deleterious effects of radiotherapy to normal tissues 

surrounding tumor have been well described. The large and 
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devascularized defects occurring as a result of extensive 
surgical procedures in fields of previous or recent irradia- 
tion predispose to the development of chronic wounds with 
progressive ulceration and infection. With the inereased 
frequency of locally recurrent tumors, particularly in fields 
of irradiation, new problems have been created for both the 
oncologic and plastic surgeon. More radical surgery with 
excision of as much as possible of the radiation-damaged 
tissue in addition to the tumor has become necessary to 
better effect a cure, prolong survival, or achieve palliation 
of a particularly morbid disease process that includes both 
recurrent cancer and the ill effects of unsuccessful ra- 
diotherapy. 

With an increased understanding of the blood supply to 
the muscle and skin and with the improved mapping of 
vessel systems in all areas of the body, new flap methods 
have developed. A number of recently developed mus- 
culocutaneous and fasciocutaneous flap designs ineorporat- 
ing large axial vessels are now used to reconstruct extensive 
defects of the pelvis, chest, and abdominal walls. These 
flaps can be transferred over a considerable distance, 
carrying well-vascularized tissue from undamaged and 
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nonirradiated areas. Serious wound-healing problems asso- 
ciated with prolonged hospitalization and morbidity can 
now be avoiced. In addition to providing de novo 
vascularity, benefiting wound-healing and host-defense 
mechanisms, these flaps can also be designed to reconstruct 
missing organs (breast, vagina). 

At our institution, we have achieved considerable success 
using a two-team approach for the surgical management of 
recurrent and advanced tumors in areas of previous irradia- 
tion. We cannot safely predict the overall effect of this more 
aggressive surgery on prolonging survival. Our experience 
so far, however, seems to support improved results in this 
regard and certainly has proved the efficient palliative 
outcome of these large combined procedures. 





CONCLUSION 


Defects resulting from wide resection of recurrent or 
advanced regional tumors in irradiated fields have been 
effectively reconstructed with a variety of improved flap 
techniques. In addition to obtaining primary healing and 
reducing postoperative morbidity, a prolonged disease-free 
interval in some patients may be achieved. A combination of 
wide resection and immediate reconstruction will become 
inereasingly necessary in the future because there will bea 
progressively greater number of patients presenting with 
recurrent tumors in irradiated fields, as well as radiation- 
induced tumors after successful treatment of primary can- 
cer. 
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Discussion 


J. E. Murray, MD. Boston: I have had the privilege of reviewing 
this manuscript ahead of time. The title could have more appropri- 
ately emphasized the concept of prevention of radionecrotic ulcera- 
tion following radical surgery. We know how difficult it is to treat 
radionecrotic wounds onee they occur. The authors have shown how 
to achieve primary wound healing after major resections and 
reconstruction. 

As the authors mentioned, the use of adjacent flaps in these 
situations is contraindieated because of the adverse influence of 
scatter radiation. The principles of wound healing to be followed 
are time-honored and basic: adequate blood supply, avoidance of 
tension, and elimination of dead space. In addition, secondary 
deformity must be minimized by proper selection of the site and 
type of flap. These technical factors, of course, require experience 
in their use, but in no way are they a substitute fer basic surgical 
principles. 

A revolution in surgical reconstruction has occurred in the past 
ten years, based on better understanding of anatomy. New flaps 
are described monthly, limited only by the skill and imagination of 
the surgeon. The results reported today are impressive: an average 
two-week hospital stay, only one patient with postoperative pain, 
eight patients free of disease, and only two recurrences to date. As 
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Dr Adson said yesterday, in evaluating cancer treatment, duration 
of life is not the major criterion for success. 

In performing major resections and reconstruction, two teams 
are required—one for the resection, the other for the repair. Our 
own plastic surgical group operates with oncologists, general 
surgeons, cardiothoracic surgeons, gynecologists, and ortho- 
pedists. In the head and neck area, where we do both the resection 
and the repair, we still use two teams. Planning preoperatively is 
critical to avoid wasting time, to avoid pressure points, and to keep 
out of each other’s way. 

This is an excellent study with good results. 

Dr MILLER: I think that with the improvement of established 
techniques in reconstructive flap surgery with the development of 
new methods, almost any surgical defect today can be recon- 
structed. An important aspect of the immediate reconstruction in 
an irradiated field is to make sure that an adequate quantity of well- 
vascularized tissue is transferred to the defect, avoiding dead 
space. By completely filling the defect, the development of 
hematoma or seroma is avoided, allowing primary healing to occur. 
Common sequelae, such as secondary wound infection and break- 
down, chronic drainage, and pain, all associated with radiation 
injury, are thus prevented. 


Resection of Tumors—Miller et al 


IMAGINE 
‘ KNOWING THAT 
TODAY IS THE 
BEST DAY YOULL 
EVER HAVE. 


If you Fad a progressive neuromuscular At the Muscular Dystrophy Associa- 
disease. every tomorrow would bring you tion, we’re striving to put an end to twelve 
greater weakness and more muscle waste. And forms of muscular dystrophy and twenty- 
the best day you could hope for would be the eight other neuromuscular diseases. Because 
q one you were having right now. we believe there are no incurable diseases— 
That’s because most neuromuscular dis- just diseases for which cures haven’t yet been 
eases progress day by day, gradually wastinga found. And because it’s the only way that 











patient’s muscles away. This muscle degen- tens of thousands of people with neuro- 
eration can’t be halted. And, it can never muscular disease can look forward to a 
be reversed. better tomorrow. 





Muscular Dystrophy Association, Jerry Lewis, National Chairman 
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Amino Acid Clearance in Cirrhosis 


A Predictor of Postoperative Morbidity and Mortality 


Richard H. Pearl, MD; George H. A. Clowes, Jr, MD; Silvano Bosari, MD; 
William V. McDermott, MD; James O. Menzoian, MD; Wendy Love, MD; Roger L. Jenkins, MD 


è The central plasma clearance rate of amino acids (CPCR- 
AA), the ratio of peripheral amino acid entry rate into blood 
plasma to arterial amino acid concentration, was measured 
preoperatively in 149 noninfected cirrhotic patients. In 50 
survivors of shunting or general surgical procedures, the 
mean (+ SEM) CPCR-AA was 201+17 mL/m?/min; in 39 subse- 
quent deaths, the mean ratio was 87+ 14 mL/m?/min. Compar- 
ing Child’s classification with CPCR-AA reveals the following 
values: class A (mortality, two of ten patients) survivors, 
152+ 23 mL/m*/min; class A deaths, 96 + 54 mL/m?/min; class C 
(mortality, 13 of 19 patients) survivors, 214+ 47 mL/m?/min; 
class C deaths, 101+ 13 mL/m*/min. The preoperative CPCR-AA 
of 46 patients receiving liver transplants was 91+9 mL/m?/min; 
69% of these patients survived. Preoperative CPCR-AA values 
correlated significantly with rates of hepatic protein synthesis 
in incubated liver slices obtained by biopsy at operation in 22 
patients. Thus, CPCR-AA determination is a true liver function 
test, valuable in predicting surgical mortality and selecting 
transplantation or other operations for cirrhotic patients. 

(Arch Surg 1987;122:468-473) 


“iis high rates of postoperative morbidity and mortality 
encountered in eirrhotic patients who undergo por- 
tacaval shunts or other general surgical procedures demon- 
strate the serious consequences of impaired hepatic func- 
tion. Reliable quantitative measurements of those hepatic 
functions known to be essential to survival from trauma or 
sepsis are needed to predict operative risk and to assist in 
selecting the safest mode of therapy. Excluding uncon- 
trolled variceal bleeding or perioperative hemorrhage, the 
common causes of postoperative deaths in cirrhotic patients 
are overwhelming infection, defects of coagulation, enceph- 
alopathy, and insuffieient production or expenditure of 
energy, all of which are associated both with abnormalities 
of amino acid metabolism and deficient protein synthesis.“ 
Therefore, the central plasma clearance rate of amino acids 
(CPCR-AA) measures, in the clinical setting, the rates at 
which amino acids are removed from the plasma by the liver 
and other visceral tissues.‘ Previous studies revealed sig- 
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nificant differences of CPCR-AA in patients who survived 
compared with those who subsequently died of trauma’ or 
Sepss.* 

The present report demonstrates the prognostic signifi- 
cance of preoperative CPCR-AA measurements in se- 
rious y ill but noninfected cirrhotic surgical patients. The 
preoperative CPCR-AA values are compared with the 
ultimate postoperative outcome, ie, recovery or death, 
following shunt operations, general surgical procedures, or 
variceal sclerosis. In addition, CPCR-AA measurements in 
severely cirrhotic patients who were being evaluated for 
hepat:c transplantation are also presented to illustrate the 
use of CPCR-AA for selection of appropriate treatment. 


PATIENTS AND METHODS 
Patients 


Patients admitted to the surgical service of the New England 
Deacoress Hospital, Boston, University Hospital at Boston Uni- 
versity Medical Center, or Boston City Hospital were studied 
preoperatively after restoring the hemodynamic state as nearly as 
possible to normal in those patients with variceal bleeding. In each 
instance, informed consent was obtained prior to testing. All 
patients had histologic evidence of cirrhosis by preoperative needle 
or hepatic biopsy at operation. The diagnosis, as shown in Table k 
was alconolic cirrhosis (75%) in the majority of patients undergoing 
shunting, general surgery, and sclerotherapy. Fifteen percent of 
the patients had posthepatitis cirrhosis, while the remainder had a 
variety 3f other types. In the transplant candidates, primary 
biliary c®rhosis (41%) was predominant, followed by chronic active 
hepatitis (20%) and submassive hepatic necrosis (15%). No patient 
in this series had demonstrable systemic infection at the time of 
study. 

The operations performed were as follows: portacaval shunts 
(n=37), Warren distal splenorenal shunt (n=15), other major 
surgical procedures (n= 23), and variceal sclerotherapy (n=13). In 
addition, there were 46 patients who subsequently underwent 
transplantation and 15 transplant candidates who did not undergo 
an operation. Variceal bleeding preceded portacaval or Warren 
shunts in 2ach instance. Of the portacaval shunts, 39% were either 
emergentor urgent procedures. All Warren shunts were electively 
carried out. Eleven of the 23 patients who underwent other major 
Surgery were operated on emergently for a variety of intra- 
abdominal problems. Each patient was followed up in the hospital 
until discharge or death. In Table 1, pertinent clinical findings and 
laboratory values of patients who survived or subsequently died 
are compaed in each group. The presence or absence of encepha- 
lopathy wes based on clinical evidence of a grade greater than I 
(alert), as described by Ritt et al. Child’s classification’ was 
establishec in 69 surgically treated patients and in 56 of the 
transplant candidates. 
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Hemodynamic Measurements 


Cardiac mdex was measured by thermodilution with a Swan- 
Ganz catheter. In the majority of patients, estimates of leg blood 
flow, used in the ealculation of CPCR-AA, were derived from 
cardiac insexes. Leg blood flow was directly measured in 18 
patients with cirrhosis, who were not in shock, by indocyanine 
green dye, revealing the leg blood flow to be 5.18%+0.45% of 
cardiac ouzput (r= .72, P<.01). Leg blood flow was converted to leg 
plasma flew by multiplying by the quantity of one minus the 
hematocrit value. 


Amino Acid Determinations 


All patients were studied after a fast of 12 hours or more. Ten- 
milliliter »lood samples were drawn from an artery and the femoral 
vein into heparinized tubes and transported on ice to the labora- 
tory. Theplasma concentration of 24 amino acids was determined 
by using an amino acid analyzer (model No. 119CL, Beekman, 
Fullerton, Calif). The arterial-femoral venous difference of amino 
acids (AS — FV) times the femoral vein plasma flow rate equals the 
peripheral production of amino acids (PP-AA). 


CPCR-AA 


Assuming a state of equilibrium, the rate of amino acid entry into 
the blood (K,) from muscle or infusion is equal to the net rate of ex- 
traction by the liver, bone marrow, lymph nodes, and other central 
tissues, including the wound site. Since the muscle mass of ane lower 
extremizy is approximately one fifth of the total skeletal muscle of the 
body, the total PP-AA can be expressed as follows: K, (in micromoles 
per square meter per minute) = 5 x leg production + infusion of amino 
acids (im micromoles per square meter per minute). 

Although it is unlikely that any quantity of plasma is completely 
cleared of amino acids at a given moment, it is convenient to con- 
sider tue rate of amino acid extraction by the central tissues to be 
that quantity of plasma from which any amino acid would be com- 
pletely removed at a known arterial plasma concentration per unit 
of time. Thus, the CPCR-AA is expressed as follows: CPC R-AA (in 
milliliters per square meter per minute) = Total PP-AA (in micro- 
moleser square meter per minute)/arterial plasma concentration 
(in micromoles per liter). A detailed discussion of the factors 
affectmg CPCR-AA has been presented previously. * 


In Vitro Hepatic Protein Synthesis 


At »peration, liver biopsy specimens weighing approximately 3 g 
each were obtained from 22 patients. The specimens were imme- 
diatey placed in tubes, which were suspended in ice for prompt 
transportation to the laboratory. In each of these cases, the CPCR- 
AA was measured just before the operation. The hepatic tissue was 
sectioned into slices thinner than 0.5 mm for incubation and 
determination of the protein synthetic rate by the method of 
Stakeberg et al.° 


RESULTS 
Survival and Mortality 


Ia this entire series, 86 (58%) of 149 cirrhotic patients 
survived. As shown in Table 1, the survival rate among 
patzents who underwent shunts or general surgical proce- 
dures was 59% (44/74), while in those treated by scle- 
rotaerapy alone, only 46% (6/13) survived. These values 
corapare with 69% survival (31/46) in patients who received 
liver transplants, while transplant candidates who were not 
operated on, for a variety of reasons, had a survival rate of 
ony 33% (5/15). 
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Preoperative Physical Signs and Routine 
Laboratory Values 


Blood pressure measurements and pulse rates were in the 
normal range. The mean (+SEM) preoperative cardiac 
index for the entire group was 3.3+0.3 L/m*/min, and no 
significant difference existed in any group between survi- 
vors and patients who died. Ascites and encephalopathy 
were present preoperatively in significantly greater per- 
centages among the more seriously ill patients treated by 
sclerotherapy and in those being considered for liver trans- 
plants. With the exception of patients who underwent 
Warren shunts, neither the preoperative incidence of en- 
cephalopathy nor that of ascites was significantly different 
between the survivors and those who died postoperatively 
(Table 1). 

Among the so-called routine liver function tests, the 
detection of bilirubin in the blood was significantly greater 
in patients who died (9.1+ 2.7 mg/dL [155.6 + 46.2 mmol/L]) 
after portacaval shunts, general surgical procedures, 
or sclerotherapy when compared with survivors (2.0+ 
0.3 mg/dL [34.2 +5.1 mmol/L}) (P<.01). Individually, none 
of the other tests presented in Table 1 were significant 
discriminators between survival and death. 


CPCR-AA 


The preoperative CPCR-AA values in patients who sur- 
vived various surgical procedures or endoscopic sclerosis 
of varices (204+17 mL/m?/min) were significantly dif- 
ferent from those in patients who subsequently died 
(89+8 mL/m’/min) (P<.0005). The latter values are not 
significantly different from the pretransplantation mean 
CPCR-AA of 91+9 or 66+23 mL/m’/min in transplant 
candidates not operated on, as shown in Table 1. 

The preoperative total amino acid concentrations of pa- 
tients who underwent surgical procedures other than trans- 
plantation or sclerotherapy were not significantly different 
between survivors and patients who died (Table 2). How- 
ever, arterial plasma concentrations, as shown in the Fig- 
ure, of tyrosine, phenylalanine, cystine, and methionine 
were significantly higher in patients who died (P<.95). Pro- 
duction rates of both total and individual amino acids from 
peripheral tissues are in general significantly less in the 
cirrhotic patients who died than in the survivors. Although 
the CPCR-AA values of all individual amino acids were 
lower in patients who died (P<.01), it should be noted that 
the greatest proportionate differences between survivors 
and patients who died are in the clearances of tyrosine, 
cystine, and ornithine (P<.001). 

We analyzed the rates of survival for various groups, 
excluding transplant candidates, when compared with the 
levels of preoperative CPCR-AA (Table 3). All patients with 
CPCR-AA values in excess of 200 mL/m*/min survived; in 
those with CPCR-AA values between 100 and 200 mL/m’*/ 
min, the mortality was 30%, and in those with values less 
than 100 mL/m?/min, the mortality was 84% overall. Each of 
these differences is significant (P<.01). It is noteworthy 
that of the patients receiving Warren shunts, all patients 
with CPCR-AA values above 100 mL/m*/min survived, and 
of those in whom the CPCR-AA value was below 100 mL/m’*/ 
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Table 1.—Preoperative Clinical a 


Portacaval Shunts Warren Shunts 
Observationt Survived (n= 19) Died (n= 18) Survived (n= 13) Died (n= 2) 
Age, y §7+3 44+6 46+4 55+6 
Alcoholic cirrhosis, % present 73 84 70 100 
Physical findings 
Rectal temperature, °C 37.0+0.2 37 .3+0.2 36.8+0.1 36.9+0.3 
Blood pressure, 


mm Hg 124+3/69+2 127+6/76+4 114+9/68+4 105+ 5/84+4 
Pulse rate, beats per minute 89+4 83+4 91+3 84+4 
Ascites, % present 81 79 38 100 
Encephalopathy, % present 31 57 25 0 

Child's classification, No. of patients 
A (n=11) 3 2 2 0 
B (n=45) 8 7 7 2 
C (n=69) § 6 0 0 


Laboratory values 


Serum bilirubin, mg/dL (pmol/L) 2.4+0.5 (41+9) 7.6+2.7 (130+ 46) 1.9+0.6 (32+10) 1.9+0.1 (82+2) 
























Serum albumin, g/dL (g/L) 3.1+0.1 (31+1) 2.8+0.1 (28+1) 3.3+0.1 (33+ 1) 2.6+0.3 (26+3) 
Aspartate aminotransferase, U/L 75+19 76 +17 46+9 84+8 

Lactate dehydrogenase, U/L 222 +29 250 + 40 157+15 213+ 124 
Alkaline phosphatase, U/L 157+30 140 +22 87+20 391+78 

WBC count/mm? ( x 10°/L) 10400+ 2000 (10.4+2.0) 9500 +2100 (9.5+2.1) 8400+1100 (8.4+1.1) 9500+ 2500 (9.5+2.5) 









Prothrombin time s 13.8+0.5 15.0+0.4 14.2+0.5 13.8+ 1.1 
Total CPCR-AA 287 + 54 93+10 166 + 27 74+14 


*Data based on total sample population of 149 patients. Values are expressed as the mean + SEM, unless indicated otherwise. 
TtWBC indicates white blood cell; CPCR-AA, central plasma clearance rate of amino acids. Child's classification derived from Child.” 





Table 2.—Preoperative Amino Acid Concentrations and Clearances in Cirrhotic Surgical Patients* 


Arterial Plasma Concentrations Peripheral Production of AA, 
of AA, pmol/L umol/m?/min CPCR-AA, mL/m2/min 
Died Died Died 

































Survived Postoperatively P Survived Postoperatively Survived Postoperatively P 
Portacaval shunts 2077 + 183 2625 + 164 <.025  497+45 243 +27 <.0005 287+54 93+ 10 <.0025 
(n=19) (n= 18) (n= 19) (n= 18) 






















Warren shunts 2660 +306 3331 +58 <.05 409+92 
(n= 13) (n= 2) (n= 13) 


Other operations 2222 + 329 2735 + 202 NS 329 + 40 202 + 83 
(n= 12) (n=11) (n= 12) 
2123 +247 3667 + 267 <.0005 133 +20 
(n=6) (n=7) (n=7) (n=6) (n=7) 
Total operative 2297 + 128 2736 + 127 <.01 387 + 35 231+ 26 <.0005 204+17 
procedures (N= 75)> (n= 44) (n=31) (n= 44) (n=31) (n= 44) (n=31) 


*AA indicates amino acids: CPCR-AA, central plasma clearance rate of amino acids; and NS, not significant. 
tTotals exclude sclerotherapy. 








166 +27 74+14 <.005 
(n= 13) (n=2) 

















<.0125 
















Sclerotherapy 

























min, 50% survived. In patients receiving portacaval shunts, 
the mortality at this level was 92%. 

A comparison of the postoperative survival of cirrhotic 
patients based on the preoperative Child’s classification is 
presented in Table 4. Attention is drawn to the fact that, 





Table 3.—Preoperative CPCR-AA Values and Rates of 
Survival* 


Portacaval Warren Other Sclero- 
CPCR-AA, Shunts, Shunts, Operations, therapy, 
mL/m?/min % % % % 











Total, % 














<100 regardless of the Child’s classification in survivors, the 
(N=44) 8 (1/12) 50 (2/4) 13 (1/8) 14 (1/7) 16 (5/31) mean CPCR-AA value was 196 + 25 mL/m?/min; in patients 

100-200 who died, the mean value was 92+ 21 mL/m2/min (P<.01). 
(N=40) 50 (7/14) 100 (9/9) 65 (7/11) 83 (5/6) 70 (28/40) 

>200 Hepatic Protein Synthetic Rate 
(N=19) 100 (11/11) 100 (2/2) 100 (4/4) ... 100 (17/17) 






Total 51 (19/37) 87 (13/15) 52 (12/23) 46 (6/13) 57 (50/88) To assess the relationship of CPCR-AA measured in the 


*Dat luaa foc leaflet bainon Ana | Pe fasted state during the immediate preoperative period and 
ata are exclu r n ant can ates. Numbers in parenthnese A P in A e 
indicate numbers of patients; CPCR-AA. central plasma clearance rate of the rate of total protein synthetic rate in incubated slices of ™ 


amino acids. liver biopsy specimens obtained at operation, data are 
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Laboratory Data of Cirhotic Patients* 


Liver Transplant Candidates 
Other Sur Sclerotherapy 
aan No Operation Transplantation 
Survived (n=12) Died (n=11) Survived (n=6) Died (n=7) Performed (n= 15) Performed (n= 46) 
47+7 54+5 56+4 49+8 46+4 44+2 
66 82 100 86 13 4 
37.4+0.5 37.2+0.3 36.9+0.1 36.8+0.3 37.1+0.1 37.2+0.1 
109+6/59=6 120+6/52+10 121+7/70+ t2 126+ 4/76+7 114+2/62+3 107+4/61+3 
99+5 86+6 96+5 103+10 81+3 86+4 
43 57 83 83 85 81 
50 14 67 83 77 46 
2 0 2 0 0 0 
5 4 1 1 9 
0 4 3 5 9 37 


1.6+0.3 (275) 9.4+2.0 (161+34) 3.8+1.6 (65~+27) 


3.4+0.2 (34=2) 3.0+0.2 (30+2) 3.1+0.2 (31+2) 
50+5 57 +27 73 +38 
212+29 219+25 209 + 34 
408+ 273 144+69 128 +49 
7300 + 1200 (7.3+ 1.2) 8600+1500 (8.6+1.5) 65000+1800 (6.5+1.8) 
13.8+0.€ 16.4+1.4 14.3+09 
204+44 87+16 133 +20 


available from 22 patients. In this group, the CPCR-AA 
values ranged from 24 to 257 mL/m*/min compared with in 
vitro hepatic protein synthetic rates ranging frem 21 to 
192 nmol/g of tissue per four hours. An excellent correlation 
exists between these two variables (r=.70, P<.001). 


COMMENT 


To survive the stresses of tissue trauma and invasive 
infection incidental to any operative procedure, cirrhotic 
patients, „ust as any other surgical patient, must have 
adequate physiological, metabolic, and defensive immu- 
nologic responses. Alterations of energy metabelism and 
accelerated protein synthesis are required for immunologic 
competence to control and eventually to eliminate microbial 
invaders. Prominent among the hepatic functions contrib- 
uting favorably to survival are the numerous metabolic 
activities of the hepatocytes, which usually are assessed by 
so-called liver function tests. Elevated levels of lactate 
dehydrogenase and serum aspartate aminotransierase sug- 
gest cell death, while bilirubinemia and an increased con- 
centraticm ef alkaline phosphatase generally indicate failure 
of bile excretion. Low concentrations of albumin and other 
proteins reflect merely the relative rates of synthesis and 
consumption. With the exception of the detection bili- 
rubinemia, none of these tests quantitate reserve hepato- 
cyte function or distinguish between survivors-or patients 
who died (Table 1). Child’s classification, which incorporates 
both laboratory and clinical abnormalities, also fails to 
differentiate as accurately as CPCR-AA which members in 
any group of cirrhotic patients will survive or die (Table 4). 

Thus. CPCR-AA fills an important clinical need by 
determing the ability of hepatocytes and other central 
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15.4+4.7 (263+80) 11.4+2.4 (195+41)  19.0+20 (325-34) 


3.0+0.2 (30+2) 2.6+0.2 (26+2) 2.7+0.1 (27+1) 
164+49 105+20 154+ 23 
516=202 249 +56 346 +41 
145=32 328 + 59 481+72 
16600+ 2600 (16.6+2.6) 7600+1600 (7.6+1.6) 8500+700 (8.5+0.7) 
16.8+2.0 16.4+0.7 17+1 
75+9 66 +23 91+9 


tissues to clear and to use amino acids either for energy 
production or protein synthesis. The excellent correlation 
between CPCR-AA and the rate of hepatic protein synthe- 
sis measured in vitro (r=.70, P<.001) further strengthens 
the use of CPCR-AA as an important indicator of the 
cirrhotic patient’s ability to synthesize the proteins essen- 
tial to survival. Although the mechanism of stimulating the 
high CPCR-AA and hepatic protein synthesis in nonin- 
fected cirrhotic patients is not clear, it is known that 
proteolysis-inducing factor (PIF), the circulating cleavage 
product of interleukin 1 (IL-1), is active in cirrhotic patients 
just as it is in septic and traumatized patients.’ Both IL-1 
and PIF stimulate an acute-phase response necessary for 
survival. Thus, it appears that even in the noninfected, 
preoperative cirrhotic patients, the CPCR-AA and hepatic 
protein synthesis are maximally stimulated. 

From the summary of results in Tables 1 and 2, it is 
evident that in the patients who underwent surgery other 
than transplantation, the CPCR-AA in survivors was 
204+17 mL/m*/min compared with 87=8 mL/m?/min in 
those who subsequently died (P<.0005). The prognostic 
value of CPCR-AA is further indicated by the relative 
mortality rates at different CPCR-AA values in the indi- 
vidual groups. When the CPCR-AA value was less than 
100 mL/m*/min, only 16% of patients survived (Table 3); 
when the value was over 200 mL/m’/min, all patients 
survived. The hospital mortality risk of 31% in liver 
transplant patients with a mean preoperative CPCR-AA of 
91+ 9 mL/m’/min is less than that encountered in patients 
with a comparable CPCR-AA following other procedures. 
Furthermore, the severity of illness or high mortality in the 
transplant candidates treated by medieal means was pre- 
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Table 4.—Survival vs Death Comparing 
Preoperative CPCR-AA and Child's Classification* 


Child's Classificationt 













CPCR-AA, mL/m2/min 
Survived 







214+47 
(n=6) 


101+13 
(n= 13) 


192=25 
(n=19) 


80+12 
(n= 12) 













Significance (P), 
survivors vs NS 
patients who died 


*Data are excluded for transplant candidates who did not undergo an 
operation. CPCR-AA indicates central plasma clearance rate ef amino acids. 
tChild’s Classification derived from Child.’ 


<.001 <.05 


dicted by their very low CPCR-AA of 66+23 mL/m*/min. 
Another use of CPCR-AA measurements to direct the 
course of therapy is presented by the group of patients who 
underwent Warren shunts. In this group, patients with 
CPCR-AA values greater than 100 mL/m*/min had a 100% 
survival rate compared with a 50% mortality rate at this 
level in those patients receiving portacaval shunts (Table 3). 
The difference is significant (P<.01) and possibly lies in a 
lesser reduction of portal blood flow to hepatocytes follow- 
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Arterial plasma concentrations 
(APC), peripheral production (PP) 
(from muscle) release rates, and 
central plasma clearance rates 
(CPCR) of individual amino acids 
(AA) with their sum totals in fasting 
normal subjects (white bars) and 
preoperative cirrhotic patients. 
Preoperative values of patients who 
survived portacaval shunts, distal 
splenorenal shunts, and general sur- 
gical procedures (shaded bars) are 
compared with those of patients who 
died after similar operations. In pa- 
tients who died postoperatively 
(black bars), concentrations of most 
amino acids are only slightly higher 
than in survivors. Exceptions are 
tyrosine (TYR), phenylalanine 
(PHE), and methionine (MET). Re- 
lease rates from skeletal muscle for 
majority of amino acids are signifi- 
cantly lower. However, central clear- 
ance rates of all amino acids in survi- 
vors are significantly greater (P<.01) 
than those of patients who died. This 
is particularly true for cystine (CYS) 
and ornithine (ORN), amino acids 
principally metabolized in liver 
(P<.001). K, indicates rate of entry of 
amino acids into plasma from periph- 
eral tissue; ALA, alanine; GLM, glu- 
tamine; VAL, valine; LEU, leucine; 
ISE, isoleucine; GLY, glycine; PRO, 
proline; asterisk, P<.01. 


Total AA 


umol/m?/min 


mL/m*/min 


ZAA 





ing distal splenorenal shunt. 

Total CPCR-AA values in normal-fasted subjects 
(43 +3 mL/m?/min),* as shown in the Figure, are much lower 
than even those values in cirrhotic patients who subse- 
quently died. In the unstimulated resting-normal state, the 
need for mobilization and utilization of amino acids is limited 
to moderate requirements for normal protein turnover and 
production of glucose. The normal-fasted state contrasts 
with the inability of cirrhotic patients with low CPCR-AA 
values to synthesize proteins in the liver at rates adequate 
for postoperative survival. Production or release rates of 
amino acids from peripheral tissues, principally from mus- 
cle, are significantly less in patients who died than in 
survivors, which may be due to severe nutritional deple- 
tion. Adequate alimentation may increase the CPCR-AA. 
However, administration of amino acids in the majority of 
cirrhotie patients with a lew CPCR-AA merely elevates the 
blood amino acid concentration without increasing the 
CPCR-AA to a level equal to that of survivors. The inability 
of the hepatocytes to respond is due either to hepatic 
circulatary deficiency or to loss of hepatocyte mass. The 
elevated concentrations and remarkably low clearance of 
aromatic and sulfur-containing amino acids, as well as 
ornithine, reflect failure of amino acid metabolism by the 
hepatocytes.” 

The method described herein is somewhat time-consum- 
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ing, but it is possible to arrive at reliable clearance rates 
by measuring tyrosine and phenylalanine values only.’ A 
method is reeded for measuring total plasma amino acid 
levels rapidly. Others have attempted to use amino acid 
coneentrations alone (Figure),® but this method does not 
giveas accurate quantitative predictions as does determina- 
tion of CPCR-AA. 

We conclude that (1) CPCR-AA is a true test of hepatic 
function for measurement of hepatocyte reserve and is an 
indirect measurement of hepatic protein synthetic rate, 
which can be used for clinical staging of cirrhotic patients; 
(2) CPCR-AA is more accurate than Child’s classification in 
predicting the outcome in cirrhotic surgical patients (Table 
4); (8) CPCR-AA levels below 100 mL/m?*/min predict unac- 


ceptable operative mortality rates, except in liver trans- 
plantation, which may suggest the latter as the treatment of — 
choice in patients with a very low CPCR-AA; and (4) CPCR- 
AA in the 100 to 200 mL/m*/min range suggests that Warren 
shunts can be performed for variceal decompression with 4 
relative safety in patients without ascites, but conventional | 
surgery and portacaval shunts have high mortality rates at 
this level of CPCR-AA. However, patients with CPCR-AA 
levels over 200 mL/m?/min have a low mortality irrespective 
of surgical procedure, making shunting procedures GERN 
needed) preferable to transplantation in this group. 4 





This investigation was supported by National Institute af Arthritis, 
Metabolism, and Digestive Diseases grant AM35491. 
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Discussion ' 


James H. Foster, MD, Farmington, Conn: We are grateful to 
the authors “or bringing this interesting work to us, but I have 
several quescions. 

First, ] hed trouble with the basic concept. I think they are 
saying that a cirrhotic liver does not clear amino acids that result 
from metaba ism in the muscle. Presumably, a high clearance rate 
indicates a positive outcome and a low one indicates a negative 
outcome, yet the normal patient has a low clearance rate. Their 
theory is that stress in the cirrhotic liver requires high clearance 
and that lew stress in the normal liver requires only low clearance. 

Second, their formula for CPCR-AA is dependent on leg blood 
flow. That, imturn, is based on the estimated blood flowthrough the 
leg as a fraction of the cardiac index. Does hyperdynamic circula- 
tion with increased cardiac output of the cirrhotic liver affect your 
calculations? 

Third, the method sounds cumbersome. All of these patients 
need a SwamGanz catheter, and 48 different amino acid assays 
must be done at considerable cost. The authors imply that the 
determination of a single amino acid might suffice; if sa, why do the 
authors still discuss 24 amino acids? 

Fourth, their data show that the test is better than those more 
commonly used (such as measurement of albumin concentration or 
Child’s’ classification) in predicting postoperative survival and 
death. However, that advantage exists only because the authors 
found most of the usual tests to be useless—a finding not con- 
sistent with cther reports. Their data show that clearance rate is a 
little better in the Child’s C than in the Child’s A classified patient, 
whieh brings me back to the original problem. How can a test 
measure hepatic function when normal and Child’s A classified 
patients have low values when cirrhotic patients who survived 
operation have high values and when cirrhotic patients who died 
are somewhere in between? I suspect that there area few other 
“country” surgeons in the audience to whom this hypothesis may 
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also be not entirely clear. 

Dr PEARL: First, the normal-fasted subject is not stressed and 
needs only use a small quantity of amino acids for glucose produc- 
tion and the usual protein turnover. On the other hand, the 
cirrhotic patient, even in the absence of infection, is metabolically 
stressed in the same fashion as a normal subject whe becomes 3 
septic or injured. A well-compensated, ambulatory, cirrhotic pa- 
tient is able to synthesize proteins, which are used to heal cuts and 
to prevent infection and excessive hemorrhaging. Such a patient 
has a high clearance rate all the time. A low clearance rate 
demonstrates a lack of hepatic reserve, which cannot go up further 
in response to trauma or infection. Such a patient has become a 
prohibitively high surgical risk. 

The mobilization of amino acids by the periphery at much 
increased rates when stressed is related to IL-1 and PIF produc- 
tion from macrophages, as shown by Dr Clowes and his colleagues.’ 

Leg blood flow was measured directly in a group af about 21 
patients by indocyanine dye dilution and found to be proportional 
to cardiac outputs. Noninvasive cardiac outputs can be done by 
B-mode scanning. I just completed a study on a child without using 
a Swan-Ganz catheter. However, the flow only contributes an error 
of no more than 12% to the answers. Since the difference in 
survivors vs patients who died is 250%, minor errors in the flow 
will not drastically affect the result or predictive value- 

It now costs about $240 to run the plasma amino acid analyses 
overnight. The clearance of the sum of phenylalanine and tyrosine 
together correlates well with overall amino acid clearance 
(r=.92).! These two amino acids can be measured easily by a 
flucrometer in about two hours at a much lower cost. Regardless of 
how amino acid clearance is measured, the cost is minor compared 
with its value as an indicator of hepatic metabolic reserve with 
which to predict the ability of a cirrhotic patient to survive surgery. 
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Clinical, Hemodynamic, and Anatomic 


Follow-up of Direct Venous Reconstruction 


Thomas F. O’Donnell, Jr, MD; William C. Mackey, MD; 
Alexander D. Shepard, MD; Allan D. Callow, MD 


è Conventional therapy for the advanced clinical stages of 
the postthrombotic syndrome is associated with recurrence 
of symptoms and ulcer. Direct venous reconstruction may 
relieve the symptoms of patients with either iliac vein obstruc- 
tion or valvular incompetence, but there are few reports 
detailing late hemodynamic and anatomic findings. We sum- 
marized the clinical, hemodynamic, and anatomic follow-up of 
six patients with saphenofemoral bypass (SFB) and ten pa- 
tients with axillary vein valve-to—popliteal vein transplants 
(PVTs) who were followed up for a minimum of two years. All 
ten ulcers in the PVT group healec-and symptoms of venous 
claudication, limb swelling, and all ulcers healed in the SFB 
group. Late (>2 years) anatomic and functional assessment 
showed that the SFB bypasses were patent and the PVTs were 
both patent and functional. 

(Arch Surg 1987 ;122:474-482) 


pe with advanced chronie venous insufficiency are 
generally treated nonsurgically with elastic compres- 
sion and local wound care, but recurrence of venous ulcer 
and other symptoms is common.” With phlebographic 
documentation of deep venous involvement, surgical proce- 
dures aimed at the superficial venous system alone are 
followed eventually by recurrence of venous ulcer? and are 
associated with persistence of abnormal ambulatory venous 
pressures.* Reconstructive surgery of the deep venous 
system should be directed toward correcting the underlying 
type of defect: (1) obstruction of large-caliber outflow veins 
(ie, iliofemoral occlusion), (2) valvular incompetence, or, 
finally, (3) a combination of the two." While there have been 
numerous reports of the efficacy of surgery for the obstruc- 
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tive form of chronic venous insufficiency,** such as the 
sapheno—cross-pubic femoral bypass (SFB) developed by 
Palma and Esperon,’ there are few long-term follow-up 
studies of SFB that include concomitant anatomic definition 
of late graft patency. 

In contrast with the treatment of venous obstruction by 
bypass, surgical therapy for valvular incompetency of the 
deep venous system is less settled. Transposition of an 
adjacent valve-containing segment of vein,” such as the 
profunda femoris or greater saphenous to the superficial 
femoral vein, has been associated with deterioration of the 
improved hemodynamics one year postoperatively.” Taheri 
and associates” and Raju“ have advocated “transplanta- 
tion” of a valve-containing segment from the upper ex- 
tremity to the femoral vein. After initial excellent results, 
there appeared to be gradual deterioration of hemodynamic 
function similar to that observed with transposition, most 
likely due to dilation of the transplanted segment. 

Approximately five years ago, one of us (T.F.0’D.) initi- 
ated a clinical series of vein valve transplantation. This 
procedure employed the larger-caliber axillary vein as the 
donor valve—containing segment that was transplanted to 
the above-knee popliteal vein. The rationale for our ap- 
proach was twofold: (1) to provide a better size match of the 
transplanted axillary vein segment to the host popliteal 
vein, which might prevent late dilation of the transplanted 
segment and subsequent valvular dysfunction encountered 
with the superficial femoral vein position, and (2) to restore 
to the popliteal vein a functional valve at an anatomic site, 
where it might play a critical “gatekeeper” role above the 
calf musele venous pump, as suggested from previous 
studies of the postthrombotic limb.*” 


PATIENTS AND METHODS 


The purpose of this article is to present our long-term clinical, 
hemodynamic, and anatomic results with direct venous reconstruc- 
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Fig 1.—Comparison of preoperative (left) and postoperative (right) radiologic studies in patient with 
saphenofemoral bypass. Left, Phlebogram shows occlusion of right common iliac vein and small-caliber cross- 
pelvic collateral veins to left internal iliac-vein. Right, Dynamic radionuclide study (eight days postoperatively) 
cemonstrates rapid flow from right femoral vein through saphenofemoral bypass to left femoral vein. 


tive surgery, so that the results from only those patients who have 
been followed up for a minimum of two years postoperatively are 
reported. Before July 1, 1984, six SFBs and ten axillary vein 
valve-te—popliteal vein transplants (PVTs) were performed. All 
patients presented with severe stage III venous disease (ie, 
recently healed or opened venous ulcer, severe liposclerosis, 
moderate to severe leg swelling [>2 cm difference at ankle girth], 
or venous claudication). All patients underwent preoperative and 
sequential postoperative clinical assessment,’ noninvasive hemo- 
dynamie studies, and anatomic evaluation. 


Noninvasive Hemodynamic Evaluation 


To assess the degree of proximal venous resistance, maximum 
venous outflew and venous capacitance studies were performed 
using impedance plethysmographic techniques." Light-reflection 
rheography, a noninvasive method for determining the degree of 
venous reflux and venous emptying, was carried out by standard 
techniques described by us previously.” 


Phlebography 


Initially, ascending phlebography was performed bythe Thomas 
and McDonald” technique to demonstrate the presence and loca- 
tion of venous obstruction, as well as to assess the extent of 
recanalized and collateral veins.” To better demonstrate the 
extent of iliac vein occlusion, patients underwent subsequent 
femoral vein phlebography (Fig 1, left). Descending phlebography 
was performed in those patients whose ascending phlebogram 
showed no obstructed segments, particularly in the femoral and 
iliac veins. The level and degree of contrast reflux was-determined 
with the patient on a tilt-table at 45° to 60° at rest and'then with a 
Valsalva maneuver. 


Intraoperative Evaluation 
The venous bypass or transplanted segment underwent bidirec- 


tional Doppler assessment to determine both patency and compe- 
tence. 


Arch Surg—Vol 122, April 1987 


High Axilla, 
_ Z 10r 2 Valves 


i Resect 
2-3 cm 


of Above-Knee 
Popliteal Vein 


Interrupted 7-0 Monofilament Anastomosis 





Fig 2.—Surgical steps in axillary vein valve to popiiteal vein 
transplantation. 


Postoperative Evaluation 


Before discharge, all patients underwent phlebography (PVT, 
both ascending and descending; SFB, ascending phlebography in 
four patients and radionuclide phlebogram in two patients). Re- 
peated light-reflection rheography and bidirectional Doppler ex- 
aminations were also performed to test for graft patency and 
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Fig 3.—Operative photograph of completed axillary vein 
valve—to—popliteal vein transplantation. The transplanted segment 
has been milked of blood and proximal thigh compression shows 
competency of transplanted valve: column of blood arrested at 
functional valve. 


valvular competence. Patients underwent clinical, hemodynamic 
(bidirectional Deppler and light-reflection rheography), and ana- 
tomic (B-mode imaging) evaluation at two weeks following dis- 
charge and again at three monthly intervals for the first year and at 
six monthly intervals thereafter. 


Operative Technique: PVT 


This technique involves harvesting a 5- to 6-cm segment of 
axillary vein that usually contains only one valve. The vein is 
exposed through a longitudinal incision parallel to the neurovas- 
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Table 1.—Clinical Characteristics 


Popliteal Vein 
Transplant 
(n=10) 


Sapheno-Cross- 
Femoral Bypass 
(n=6) 


L extremity involved, 
No. of patients 


History of deep venous 
thrombosis, No. of patients 


Ulcer on admission, 
No. of patients 


Limb swelling (>2 cm 
differential), No. of patients 


Varicose veins, 
No. of patients 


Table 2.—Preoperative Phlebographic and 
Noninvasive Hemodynamic Findings 


Popliteal Vein Sapheno—Cross- 
Transplant Femoral Bypass 


Findings (n=10) (n=6) 


Mean (+ SEM) venous 
refill times, s 


Mean (+ SEM) light reflection, mV 


Degree of reflux by descending 
phlebography, No. of patients 
Calf (stage II!) 
Ankle (stage IV) 


Ascendimg phlebogram, No. of 
incompetent perforators 


7.8+7 
49.3+11 





cular bundle (Fig 2). The popliteal vein was exposed through a 
standard above-knee approach used for arterial reconstruction. 
Following dissection of the popliteal vein from the adjacent and 
usually adherent artery (Fig 2), heparin was administered and the 
popliteal vein was clamped. A 3- to 4-em segment of vein was 
excised and the axillary vein segment was interposed. The distal 
anastomosis was usually performed first with interrupted 7-0 
monofilament sutures. The proximal anastomosis was carried out 
by a similar technique. The operative site then underwent in- 
traoperative evaluation (Fig 3). Postoperatively, intravenous 
heparin therapy was administered, which was converted subse- 
quently to warfarin sodium. Intermittent pneumatic compression 
was employed immediately postoperatively to increase venous 
flow. 


Sapheno-—Cross-Femoral Bypass 


This procedure was carried out as described by Palma and 
Esperon’ and Dale and Harris.’ Care was taken to avoid kinking of 
the saphenous vein at the saphenofemoral junction by circumferen- 
tial dissection of the saphenous vein’s origin from the femoral vein. 
A longitudinal venotomy with elliptical excision of the vein seg- 
ment was then made in that portion of the common or superficial 
femoral vein that appeared to be least involved by disease. A four- 
quadrant continuous-suture technique with 6-0 or 7-0 monofila- 
ment sutures was carried out. To avoid pursestringing, the suture 
line was loosely tightened. In four of six patients a concomitant 
arteriovenous fistula was created below the saphenofemoral anas- 
tomosis by using a small branch of the superficial femoral artery. 
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Fig 4.—Left and center, Preoperative descending phlebogram of patient who was candidate for axillary vein 
transplant to left popliteal vein. Right, Descending phlebogram nine days postoperatively shows arrest of dye 
celumn at level of functional vein valve in above-knee popliteal vein. 


Postopera-ively, patients were maintained on the same regimen as 
the PVT patients. 


RESULTS 
Preoperative Clinical Characteristics 


Table 1 shows that all patients undergoing PVT had a 
veneus weer, while only one half of the SFB group did. A 
similar proportion of the SFB group had venous claudica- 
tion and severe leg swelling. Eight patients in the PVT 
group had undergone previous venous surgery tothe super- 
ficial sys*em at other institutions, including eight patients 
with ligation and strippings (three on more than one 
occasion) and seven patients with subfascial ligations. In 
contrast, only one patient in the SFB group had undergone 
ligation and stripping, but she had undergone this proce- 
dure on fve occasions for recurrent ulcer. 


Preoperative Noninvasive Hemodynamic Values 


The maximum venous outflow was normal in all patients 
undergoing PVT and in four of six SFB patients (Table 2). 
The meaa (+SEM) preoperative venous refill time in the 
PVT group (7.8+ 7s) was approximately one halfthat in the 
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Table 3.—Postoperative Noninvasive 
Hemodynamic Findings* 


Popliteal Vein 
Transplant 
(n=10) 


Sapheno-—Cross- 
Femoral Bypass 


Findings (n=6) 


Immediate 


Venous refill time, s 10.0+4.5 


Light reflection, mV 


Late, >2 y 
Venous refill time, s 


Light reflection, mV 


*Values are the mean+SEM. 


SFB group and no improvement was noted with either 
above- or below-knee tourniquets. The change in light 
reflection showed similar trends. 


Phlebographic Results 


All ascending phlebograms demonstrated patent major 
veins in the PVT group and four limbs had incompetent 
perforating veins at multiple levels (Table 2). While the 
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Fig 5 —Late—follow-up B-mode ultrasonographic study of sapheno—sress-pubic femoral bypass verifying late graft 
patency. White cursors outline lumen of saphenous bypass and pérellel vein wall. Flow in graft is confirmed by 


augmented-flow Doppler signal (lower left). 


ascending venogram in the SFB group uniformly showed an 
occluded iliac segment, the extent of distal extension to the 
common and superficial femoral veins varied. In the PVT 
group, descending phlebography showed grade III reflux in 
six patients and grade IV reflux in four patients. 


Type of Operation 


Concomitant with PVT, subfascial ligation of incompe- 
tent perforating veins demonstrated on ascending phle- 
bography was earried out in four of the PVT limbs. In the 
SFB group the saphenous vein was anastomosed at the level 
of the junction of the superficial femoral vein with the 
common femoral vein in four patients and onto the proximal 
superficial femoral vein in two patients. A concomitant 
arteriovenous fistula was carried out in four of six members 
of the SFB group. One patient in the SFB group underwent 
subfascial ligation of incompetent perforating veins con- 
comitant with bypass, while postoperatively one patient in 
this group underwent split-thickness skin grafting to her 
venous ulcer, with subsequent healing. 


Pathologic Findings 


The segment of reseeted popliteal vein was assessed for 
morphologic characteristics on light microscopy. Nine of ten 
Specimens showed moderate to severe phlebosclerosis. 
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Postoperative Complications 


None œ the patients in the PVT or SFB groups developed 
wound camplications associated with their primary opera- 
tion. One patient in the SFB group, who underwent a 
posterior stocking-seam subfascial ligation of incompetent 
perforating veins, had a minor wound slough. Two patients 
in the FVT group experienced temporary minor cutaneous 
anesthesia in the upper extremity that resolved. No pa- 
tients in the PVT group had significant arm or hand edema. 
All patients tolerated intermittent pneumatic compression 
well, anc several patients suggested that it diminished 
postoperative wound discomfort. 


Immediate Postoperative Results 


All transplanted vein segments were patent and func- 
tional on patient discharge, as determined by both ascend- 
ing and descending phlebography. Figure 4, right, is typical 
of the immediate postoperative anatomic results in the PVT 
group. Similarly, all femoral-femoral bypasses were patent 
on discharge in the SFB group (Fig 1, right). 


Late Clinical Results 


Postoperatively, ulcers in all patients in the PVT group 
healed with conventional wound care. The majority of 
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*Pazent by late phlebography. 
+Pazent be late B-mode ultrasonography. 


patients ìad abandoned the use of elastic compression 
stockingsby four months postoperatively, despite advice to 
continue wearing them. Two ulcers in the SFB group healed 
following spit-thickness skin grafting, and one ulcer healed 
with nonsurgical therapy. Three patients with venous clau- 
dication in the SFB group had relief of symptoms, while 
disabling ankle and calf swelling resolved in these patients. 


Noninvasive Hemodynamics 


Table compares the preoperative, immediate-postoper- 
ative, and late postoperative light-reflection rheography 
values in patients undergoing PVT. Despite obvious clinical 
improvement, only one of these patients had a significant 
improvement in his venous refill time or light-reflection 
rheograpay values postoperatively. In the SFB group, the 
two patieats with abnormal preoperative maximum venous 
outflow rormalized postoperatively and light-reflection 
rheograpay values also were within normal limits. 


Anatomic Studies 


Figure 5 shows a B-mode ultrasound examination of a 
sapheno—«ress-femoral bypass graft in a patient 3% years 
posteperatively and verifies late patency. All six SFB grafts 
werepatent. Figure 6 demonstrates the B-mode ultrasound 
study of a PVT patient four years postoperatively and is 
typical of our late anatomic findings. All PVT segments 
were patent and functional by duplex evaluation. 


Rehabilitation 


Ome member of the PVT group died of lung cancer 18 
months postoperatively. At the time of this writing, of the 
remaining nine patients, four had returned to full employ- 
mem and five to household duties that they were previously 
unakle toverform consistently. Four of the six SFB patients 
were working, while two were at home. Two of the male 
patients m the SFB group were participating actively in 
sports such as tennis and racquetball. 


COMMENT 


Herein we report the long-term clinical, anatomic, and 
functiona results of direct venous reconstructive surgery 
for the two major causes of deep venous insufficiency: 
_obstructien and valvular incompetency. Our sequential 
study eonfirms previous observations that the 
sapheno—eross-femoral bypass is a durable proeedure for 
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Table 4.—Sapheno—Cross-Femoral Bypass for Postthrombotic Syndrome 
Patient Condition, No. of Patients 


Good Unimproved 
2 


Total No. of Patients 


the relief of symptoms from iliac vein obstruction.**° Unique 
to this report is the anatomic confirmation of late SFB graft 
patency by B-mode ultrasound. A new finding presented 
herein is that the treatment of valvular reflux by transplan- 
tation of a valve-bearing axillary vein segment to the 
popliteal vein is accompanied by ulcer healing and long- 
term valvular function of the transplanted segment, as 
proved by B-mode ultrasonographic follow-up. 

Therapy should be designed to correct the abnormally 
increased ambulatory venous pressure that leads to capil- 
lary proliferation,” extracapillary fibrin and fluid “leak,” 
and venous cuffing with fibrin.” The latter condition 
causes diminished exchange of both oxygen and nutrients to 
skin and subcutaneous tissue, so that liposclerosis and skin 
breakdown occur. With superficial venous system involve- 
ment alone, saphenectomy and/or ligation of incompetent 
perforating veins relieves symptoms of leg heaviness and 
painful dilated veins, while venous ulcers heal.” Elevated 
ambulatory venous pressures in the superficial veins are 
reduced.* Recurrence of venous ulcers is unusual if the 
perforating veins alone are involved.’ In contrast, phle- 
bographic evidence of deep venous involvement with incom- 
petent perforating veins in our experience is not associated 
with equally durable results. With significant deep venous 
system damage, not only do the abnormal ambulatory 
venous pressures persist‘ but also there is a high probability 
of recurrent venous ulcer over a five-year period.” Thus, 
attempts to apply surgery that is successful for superficial 
venous system involvement alone to a situation in which the 
deep system in addition is involved do not appear to be 
rational; recurrence is common. 

Paramount to planning both medical and surgical therapy 
in the patient with stage III chronic venous disease (venous 
ulcer, severe pre-ulcer skin changes, moderate to massive 
ankle swelling and/or venous claudication) is an aggressive 
diagnostic workup. This workup should include functional 
and anatomic assessment of both the deep and superficial 
venous system. Quantitive photoplethysmography with 
light-reflection rheography is a rapid, practical, and reli- 
able method for screening patients.° Comparative studies in 
our noninvasive laboratory have shown that venous refill 
time correlates well with the amount of reflux as measured 
by invasive ambulatory venous pressure studies, while the 
percent decrease in venous pressure (degree of venous 
emptying) relates well to changes in light reflection.” 
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Fig 6.—Late follow-up postoperative B-mode ultrasonographic examination of transplanted axillary vein segment 
to popliteal vein. Functioning valve leaflet is seen to right of cursors or lower vein wall, projecting into vessel lumen. 


Table 5.—Vein Valve Transplan ation* 


Ulcer, 
No. of No. of Transplant 
Source, y Extremities Patients Location mo 





Taheri et al,'* 1982 
Raiju,’* 1983 


Taheri et al,'* 1985 ? SFV, ? POP 


Present study 


timprovements in venous refill time by light-reflection rheography. 
tBy B-mode ultrasonography. 


Bidirectional Doppler examination” and spectral analysis 
can provide further evidence of, as well as the site of, venous 
reflux. 

B-mode ultrasonography, complemented by spectral 
analysis, provides both anatomic and functional informa- 
tion. The action of venous valves can be scrutinized dynam- 
ically by both proximal and distal limb compression. Spec- 
tral analysis helps quantitate objectively the degree of 
valvular competency. In eontrast with acute deep venous 
thrombosis,” experience with B-mode ultrasonography in 
chronic venous insufficiency is preliminary. In assessing the 
preoperative patient, corroborative studies by ascending 
phlebography are neeessary to define sites of venous ob- 
struction, recanalized segments, and collateral veins, as 
well as the competence of the perforating veins. In those 
limbs without significant segmental obstruction, descend- 
ing phlebography should be employed to define the extent 
and degree of venous reflux. 
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Length, 


All >24 


Follow-up Results 
Oe , 

Phlebography Results, Clinical Result, 
No. Patent/No. Functioning % Excellent 


AVP improved, 
No. of Patients 





All initially 
10/23 


SFV unavailable; 
POP, 75 





*SFV indicates superficial femoral vein; POP, popliteal vein; and AVP, ambulatory venous pressure. 


Sapheno-Cross Femoral Bypass 


The obstructive form of chronic venous insufficiency 
affects only a small percentage of those patients who are 
seen for chronic venous disease (9%, Raju“; 3%, Halliday 
et al”). The size of our SFB group reflects this phenomenon. 
Table 4 zompares our clincal results with those of other 
authors. The great proportion of patients have marked 
Improvement in their conditions with this procedure, if the 
bypass remains patent and distal valvular function is ade- 
quate. Tne phlebographic follow-up study of SFB by Halli- 
day and associates* showed that at five years, 89% of the 
grafts appeared to be patent by clinical assessment, but a 
esser proportion (75%) were patent on phlebography. Like 
any vascalar conduit, there was a slow progressive decrease 
in graft >atency through follow-up. Our small study group 


1as demenstrated continued patency of the bypass graft by A 


B-mode iltrasound imaging. B-mode ultrasonography ap- 


Venous Reconstruction Follow-up>—O'Donnell et al 


pears to be ideally suited for follow-up of venous surgery. It 
avoids phEbography and can be repeated readily. In addi- 
tion, the duplex spectral analysis component allows con- 
comitant aemodynamic assessment of graft patency. Like 
Halliday et al,” we noted the best symptomatic relief in 
those patients with venous claudication. 


Popliteal Vein Valve Transplant 


Atpresent, we consider popliteal vein valve transplant to 
be a new procedure and therefore have strived to obtain 
detailed cinieal, hemodynamie, and anatomic follow-up of 
all patients. Our results have not been reported previously, 
because we felt that patients should be followed up for at 
least two years before critically assessing the results of this 
procedure In all patients the ulcer healed following sur- 
gery. No patients experienced deleterious consequences 
from this Drocedure, such as graft thrombosis, pulmonary 
embelus, ər worsening of their condition. By six months, 
eight of ten patients had abandoned the use of elastic 
stockings and the remaining two used them for control of 
mild ankle edema. Late follow-up with B-mode ultrasound 
showed patency of the transplanted segment in all nine 
limbs (one patient had died 1% years postoperatively). The 
paracox between clinical/ultrasound results and quantita- 
tive photq@plethysmography (light-reflection rheography) 


(Table 5) may be explained in several ways: (1) Since venous 
refill time is influenced by several factors, the latter method 
of assessment may not be sensitive enough to determine 
improvements in calf muscle pump function alone. (2) 
Improvements in venous refill time may net be required to 
heal a venous ulcer. (3) Minor improvements in the degree of 
venous emptying, as has been noticed in the present study, 
may reflect sufficient compensation of the venous pump for 
healing of the ulcer. (4) Finally, despite a patent and 
functional vein valve transplantation, continued reflux in 
the profunda femoris vein was observed in some patients by 
Eriksson and Almgren.® No improvement in venous refill 
time and ambulatory venous pressure was noted in those 
limbs with an incompetent profunda femoris vein. Since our 
vein valve transplantation site is below the profunda 
femoris vein, this latter explanation may not apply. 

This clinical, hemodynamic, and anatomic study has 
confirmed previous larger studies that SFB is 2 safe and 
durable procedure that provides effective relief of symp- 
toms. Our experience with PVT has shown excellent inter- 
mediate results. Longer follow-up will be required, but at 
present the marked clinical improvement and rehabilitation 
has been maintained in our patients. 


We wish to express our gratitude to Victor A. Millan, MD, Paula D. 
Heggerick, RVT, and Donna M. Barrett-Fonseca for their technical help. 
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Discussion 


H. ERowr EEL WHEELER, MD, Worcester, Mass: Most vascular 


A surgecns agree that well-fitted gradient support stockings provide 


adequate treatment for the majority of patients with postphlebitic 
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syndrome. Even if surgery is performed, these patients often do 
poorly unless they continue to rely on external compression. It is 
important to bear in mind that Dr O’Donnell and his eolleagues 
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operated on only 16 of 300 patients, indicating that they carefully 
selected those few patients who were refractory to more conven- 
tional treatment, including ligation of perforating veins. 

The results of the PVTs are particularly noteworthy. In nine 
patients, these authors reported a 100% long-term patency of 
axillary vein grafts in the popliteal position, with exceptionally 
good clinical results. I have several questions. How did the authors 
avoid any postoperative thrombosis, which has plagued previous 
attempts at femoral venous reconstruction? Was it perhaps due to 
their use of external pneumatic compression in the postoperative 
period, as well as excellent surgieal technique and anticoagulant 
therapy? Did dilatation occur in these axillary vein transplants 
with time? In more proximal reconstructions, dilatation has led to 
valvular incompetence. Finally, why are the clinical results so good 
when venous reflux is still demonstrated by noninvasive tests? I 
would like to congratulate the authors on their remarkable success 
in surgical correction of the exceptional patient with refractory 
postphlebitic syndrome. 

ANTHONY D. WHITTEMORE, MD, Boston: I believe this ap- 
proach deserves continued careful investigation in selected pa- 
tients. Have the authors had any experience with proximal upper 
extremity reconstructions associated with axillary vein throm- 
bosis? “Effort” thrombosis characteristically runs a benign course 
and responds adequately to conservative therapy in most patients. 
We are, however, becomimg increasingly aware of a group of more 
vigorous athletes who are not doing well after conventional ther- 
apy. I am aware of two professional athletes on the west coast, and 
Dr O’Donnell has had experience with a Tufts swimmer who 
complained of a persistently heavy and awkward arm that se- 
riously interfered with his athletic career. We had a similar 
experience with last year’s Harvard quarterback, who sustained an 
effort thrombosis during his previous year. Although we managed 
to help him finish his final year in that role, I wonder if the 
Harvard-Yale game might have had an entirely different outcome if 
we had transplanted a patent valve-bearing conduit into the 
quarterback’s axillary vein. Have the authors had any significant 


experience with proximal reconstruction? 

Dr O’LonNELL: I am particularly pleased to present our data 
today with Bill McDermott as moderator, because he “took me 
through” my first direct venous reconstruction, which happened to 
be in the portal system. Why is the patency rate so high? Good 
patency rates in the venous system can be achieved if one obeys the 
basic principles of venous surgery: minimal trauma to the intima in 
handling the vein, optical magnification, interrupted sutures for 
the entire or portions of the anastomosis to avoid “reefing up,” and, 
finally, recognition of the true vs the false channel in the re- 
canalized vein. Several adjunctive measures may improve patency. 
As Dr Wheeler mentioned, intermittent pneumatic compression 
increasec blood flow across the anastomosis, while anticoagulation 
therapy initially with heparin followed by warfarin sodium lowers 
thrombogenicity. 

Dr Whz2eler’s second question about subsequent dilation of the 
transplarted venous segment is a perceptive one. Minor dilation of 
the vein ct three years has been noticed in our transplants, but not 
to the degree observed by Raju and others in the superficial venous 
position, which prompted them to encase the vein in Dacron. We 
feel that the popliteal vein has a better size match to the trans- 
planted segment and this may prevent subsequent dilation. Fi- 
nally, Dr Wheeler mentioned the assessment of venous reflux. We 
use light-reflection rheography to screen our patients, but to 
directly scrutinize the segment in question we use duplex scan- 
ning, whch gives anatomic and functional information. 

Finally, Dr Whittemore, I am glad you were able to get the 
number cne Harvard quarterback through the season last year. As 
I understand it, they have eight quarterbacks this year at Harvard 
and this kigh number of candidates for the job may reflect a concern 
about some of them getting axillary vein thrombosis. We have 
carried eut direct venous reconstruction in two patients with 
incapacitating claudieation by swinging the internal jugular vein 
down prcximal to the occlusion of the subclavian/axillary vein, and 
this has ~elieved the symptoms. 
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ARCHIVES OF INTERNAL MEDICINE 


Reduction in the Plasma Clearance Rate of Warfarin Induced by Cimetidine 
William R. Bell, MD; Kenneth C. Anderson, MD; Dennis A. Noe, MD; Bruce A. Silver, MD 


The interaction between the histamine H-2 receptor antagonist, cimetidine, and warfarin sodium was 
prospectively studied in 14 patients who were previously anticoazulated for five years. The patients received 


warfarin and cimetidine concomitantly for a minimum of ten days. Seven of the patients experienced increases 
in plasma warfarin concentrations. This correspondingly re sulted in abnormal prolongation of their 
prothrombin times. In these patients the elevation in the steady-state warfarin concentration demonstrates 
that eoadministration of cimetidine significantly reduces the plasma clearance rate of warfarin. The serum and 
urine metabolite levels of warfarin were not qualitatively differen: in the absence incontrast to the presence of 
cimetidine. It is apparent that cimetidine can act as an inhibitory influence on the catabolic degradation of 


warfarin (Arch Intern Med 1986;146:2325-2328). 
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This is not an easy time 
for her to stop smoking. 


But its not a good time 
for her baby to start. 


The facts are in. 


FACT: Women who smoke during 
pregnancy have smaller and lighter weight 
full term babies. 


FACT: Their babies have more 
respiratory problems during the first 
critical years. 


FACT: The incidence of stillborn infants 
and neonatal deaths is significantly 
greater. 


FACT: The fetal oxygen supply is 
significantly reduced—the carbon 
monoxide in the blood significantly 
increased. There’s more. Much more. 
Discuss the smoking hazard with your 
patients who are pregnant or planning a 
pregnancy. It may not be an easy time to 
quit smoking. But its the right time. 


























U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE 
Public Health Service 
Office on Smoking and Health 





v 4 y ra Į 
- æ va 


aa Aes ar se a 
-r 4 


Electrocoagulation for Intraoral Cancer 


Charles S. Whelan, MD, DSe (Hon); David E. Marcello, Jr, DMD, MD; 


W. Bradford Patterson, MD; Peter J. Deckers, MD 


è Electrocoagulation of 58 intraoral lesions (1 to 6.5 cm in 
diameter) resulted in a three-year absolute disease-free sur- 


vival rate of 59% (34/58). During the 20-year study, 43 (74%) of 


the 58 patients were cured. Though an initial 28% local failure 
rate was observed, 31% (5/16) of these patients were sub- 
sequently cured by asecond electrocoagulation. Electrocoag- 
ulation has distinct advantages over conventional surgery 
and irradiation. Relatively little tissue beyond the tumor is 
coagulated. Such tissue sparing allows better postoperative 
function and cosmesis. The deleterious effects of irradiation, 
including the serious “dry-mouth” syndrome, are avoided. 
These treatment results are competitive with those of conven- 
tional surgery and irradiation. The limited field treated, the 
tissue conservation, the minimal morbidity, and the cost- 
effectiveness should make electrocoagulation a real consid- 
eration in treating selected invasive intraoral tumors. Ideally 
suited for electrocoagulation are those patients whose lesions 
are small, easily visualized, mobile, and well differentiated. 
(Arch Surg 1987;122:484-487) 


urgery and irradiation, or a combination of the two, are 
the traditional! methods of treating intraoral cancer. 
Electrocoagulation, as an alternative, is a poorly under- 
stood technique and has received little attention. This 
report presents data on 58 patients whose squamous cell 
carcinomas of the oral cavity were treated by electrocoagu- 
lation by four surgeons. The outcomes are sufficiently 
favorable to recommend wider application of this simple 
treatment medality. 


HISTORY 


In a review article published in 1979, Goldwyn’ described 
the early history of electrosurgery. Through experiments 
on alternating currents before the turn of the century, 
D’Arsonval and otners set the stage for the clinical use of 
electrocoagulation. The collaboration of Harvey Cushing 
anda physicist, William T. Bovie, led to the first marketable 
diathermy machine. Kelly and Ward,’ authors of a 1932 
monograph on eleetrosurgery, believed this method would 
usher in a new era of surgery. The reluctance of their peers 
to use the technique prevented their predicted outcome. 
Strauss and coworkers’ were also early champions of this 
method. Following their report of two cases of rectal cancer 
treated by coagulation, Strauss et al demonstrated its 
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efficacy for cancers in other locations. They proposed, but 
never proved, that the breakdown products from the 
necrotic tumor had an antigenic effect, promoting an im- 
mune response. In recent years, Clifford C. Franseen, MD, 
after observing the technique of electrocoagulation in Swe- 
den, adcpted it in his practice in the United States. In 1961, 
he and Marcello* reported a 75% five-year cure rate after 
coagulation of 57 intraoral cancers. Several more recent 
reports lescribed the use of their technique in treating skin 
cancer” and intraoral cancer.** 


FRINCIPLES OF ELECTROCOAGULATION 


In the first electrosurgical units developed by Bovie, 
high-frequency alternating currents were used to produce 
coagulation and cutting. This process differs significantly 
from elsctrodesiccation, which acts only on the surface, 
since orly one electrode is used and the current dissipates 
rapidly and widely. Increased power only carbonizes the 
superficial tissues, which form an effective layer of insula- 
tion and protect the deeper layers from injury. It is this 
charrinz effect that the uninitiated associate wrongly with 
electrocoagulation. Cancers cannot be satisfactorily 
treated in this way. 

Electrocoagulation requires the use of an indifferent or 
dispers ve electrode. The amount and depth of coagulation 
depend on the intensity of the current, the size of the 
coagulating tip, and the length of time the current is applied 
to the tamor. Franseen’s technique allows the current to be 
dispersed over a longer time through electrodes with a ball 
tip or a disk 5 to 10 mm in diameter.’ The tissues gradually 
turn write and are kept moist, and the heat penetrates 
deeply. Heat, ranging up to 82°C, results from the body’s 
resistance to the entrance of the high-frequency alternating 
current.” It has a lethal effect on the cells, a veritable 
cooking of the tumor. 

The 2utting current, with its undamped waveform, dif- 
fers greatly from coagulation (highly damped) in its action 
on tissies. In cutting, the tissue cells in the path of the 
electrode virtually explode. As devised by Bovie, the 
cutting current of diathermy has an admixture of coagula- 
tion—ust enough to cut back on the free bleeding incident 
to the dure cutting mode. 


MATERIALS AND METHODS 


We have treated 58 intraoral squamous cell carcinomas by 
electrocoagulation. They were located as follows: tongue (21), floor 
of the mouth (15), alveolus (12), tonsillar fossa (five), buccal mucosa 
(four), end hard palate (one). The greatest diameter of the lesions 
varied from 1 to 6.5 em. Twenty-two patients (88%) were 70 years of 
age or older. There were 32 men and 26 women. With one 
exception, the operations were done with general anesthesia and a 
technique learned from Franseen. There were 23 T1, 29 T2, and six 
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or T3 lesions. Fifteen of the 58 patients underwent neck dissections, 





either simaltaneously or later. 


TECHNIQUE 


The diagnosis is established by preoperative biopsy. Diathermy 
marks are made about 1-cm wide of the visible borders of the lesion. 
* Electrocozzulation is started using a ball-tipped or dise electrode. 
It ineludesthetumor and extends outward to the diathermy marks 
to include invasive margins of cancer that cannot be seen. The 
mushy coagulated tumor is scraped off with a stainless-steel bone 
curet or the end of a broad-bladed Beaver scalpel. Coagulation and 
curettage .re repeatedly carried out until a normal tissue base is 
reached. Eere there is less resistance to the curet, and normal 
tissue, suca as striated muscle fibers, can be visually identified. In 
the instanee of a fungating lesion, coagulation may be preceded by 
“debulking” with a loop electrode of appropriate size in a cutting 
mode. Coagulation and curettage are then used when the tumor 
bulk has been leveled. | 

p Extensive tumor involvement of bone, usually the mandible, is 
inappropriately treated by electrocoagulation. Mandibular resec- 
tion is required. However, involved periosteum, tooth seckets, or a 
local focus of bone invasion, especially by a gingival cancer, can be 
successfully eoagulated. In most instances, a sequestrum will 
develop th.t slowly separates. When the tumor is adjacent to the 
bone, coagulation includes the bone surface in the area of tumor 
involvemert. Mandibular defects will heal by secondary intention. 


POSTOPERATIVE PERIOD 


Surprisingly, the patient has minimal pain. Eating and 
chewing n the area of coagulation are well tolerated. 
Dentures are not used until healing occurs. The tissue 
defect reraaining after electrocoagulation is allowed to fill in 
with granalation tissue. Should a recurrence develop, it will 

_ soon be vsible in the granulating bed. A diagnosis can be 
‘a established early, and electrocoagulation is repeated, fre- 
quently in a limited area. The ease of early recognition of 
recurrence is an important feature of this technique. In 
contrast, recurrence after conventional surgery may be 
hidden beneath sutured mucosa or a flap used for recon- 
struction. The needed re-treatment may be thereby de- 
layed. 


RESULTS 


The absolute survival rate without disease of patients 
observed “or at least three years was 34 (59%) of 58. The 
disease-free survival rate at five years was 28 (52%) of 54. 
The distinction between death from cancer vs death from 

he other disease is important. Intraoral cancers occur in 
~ patients with risk factors of age and tobacco and alcohol 
abuse, all of which contribute to a high rate of cardiovascu- 
lar and pulmonary deaths. Table 1 analyzes survival and 
deaths frem cancer and comorbid disease accerding to 
lesion size Fifty-five of the 58 patients were followed up for 
a minimum of two years. Twenty (87%) of the 23 patients 
with T1 lesions, 19 (66%) of the 29 with T2 lesions, and four 
(67%) of the six with T3 lesions had no evidence of recurrent 
disease or died of other causes. Therefore, electrecoagula- 
tion was curative in 74% (43/58) of the patients treated. 
Finally, since electrocoagulation, as is true of conven- 
tional surgery and irradiation, can only control local disease 
and does rot influence systemic disease, it is important to 
review these results in terms of local failure. In Table 2, an 
~A overall local failure rate of 19% (11/58) is seen and is clearly 
dependent. as expected, on tumor size. Five other patients 
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-Table 





1.—Size vs Outcome 









Dead With 
Diseaset 


No Evidence of 
Diseaset 










Total 43 45 58 (74) 


*T1 equals 0 to 2 cm; T2, 2.1 to 4 cm; and T3, more than 4 em. 
tMean follow-up of 50.1 months. Includes alive, no evidence of disease, 
and dead without disease. 

Range, two months to three years; mean, 17.3 months. 


Table 2.—Local Control and Size of Primary Tumor 
Loca 
No. 


Size* 





I 
Location Failure (%) 










T2 






1 
6 
4 
2 
8 
2 
7 
8 


T3 
Fioor of mouth T1 
Tonsil Ti 2 
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Hard palate T1 1 0 
Buccal mucosa T1 3 1 
Total a 58 11 (19) 






*T1 equals 0 to 2 cm; T2, 2.1 to 4 cm; and T3, more than 4 cm. 


who experienced a local failure were cured by repeated 
electrocoagulation. 

Seventeen of the 58 patients had neck metastases. Fif- 
teen of these underwent neck dissection. Cure was effected 
in four (27%) of these patients. 


COMMENT 


When the cold knife is used in the highly vaseular oral 
cavity, bleeding becomes so active after the first incision 
that visualization of surgical margins is impaired. In con- 
trast, electrocoagulation of the tumor in situ produces a dry 
field. During the course of the procedure, tumor tissue 
stands out against the surrounding normal tissue. Squa- 
mous cell cancer is rigid and firm, except when necrotic. 
Normal intraoral tissue is soft and pliable. The distinction is 
easy to detect. All visible and palpable tumor is removed. 
The healed tissue also is soft and pliable, scarring is 
minimal, and severe fibrosis is rare. This process of elec- 
trocoagulation and subsequent healing in three different 
patients is seen in Figs 1 through 3. 

For appropriate intraoral cancers, electrocoagulation has 
a number of advantages over surgical excision. There is less 
blood loss and little sacrifice of normal tissue. Accordingly, 
better postoperative function and cosmesis result. The 
tumor is destroyed “where it lies” in contrast to the wide, 
but sometimes uncertain, margins of the more aggressive 
surgery. Disfigurement of the intraoral structures is mini- 
mal. This allows the surgeon to detect earlier any new lesion 
that may appear during the patient’s course. Sinee it is an 
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Fig 1.—Left, Patient aged 77 years with discomfort on left side of tongue of one year's duration. 
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Electrocoagulation of 2x 1.5-cm poorly differentiated squamous cell carcinoma was performed. 
Center, Coagulum. Right, Four years later. Ipsilateral me astases appeared six months after 
coagulation, requiring radical neck dissection. She was disease free at 20 years and two months. 
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Fig 2.—Left, 70-year-old woman who felt “something in my meuth” for four years. Electrocoagulation 
of a 3.5 x 1.5-cm verrucous carcinoma of lower alveolus was performed. Center, Coagulum. Right, 
Healimg was complete in four weeks. Treated area is viewed two months after surgery. She was free of 


disease three years after operation. 
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Fig 3.—Left, 74-year-old woman with diabetes, obesity, cardiac disease, and hypertension had 6 x 4-cm, 


well-cifferentiated squamous cell carcinoma of left buccal mucosa. Center, Coagulum. Right, Three 
months later. Cured of buccal tumor, she died of cardiac disease 3/2 years after surgery. 


operation of lesser magnitude, electrocoagulation has fewer 
associated operative risks, making it ideal for the elderly 
and/or infirmed, who comprise a large percentage of pa- 
tients with intraoral eancer. Contrary to expectations, the 
site of the coagulated cancer causes little postoperative 
pain. This is probably due to thermal destruction of fine 
sensory nerve fibers. 

After excisional surgery, irradiation is the second most 
frequently used method for treating intraoral cancer. A 
disadvantage of this method is that its effects are felt 
throughout the entire intraoral mucosa. The seriousness 
and permanence of the “dry-mouth” condition cannot be too 
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greatly stressed. In addition, irradiation-induced caries is a 
well-knewn entity.” Radiation therapy is a poor choice for 
small intraoral cancers. Ideal for these is electrocoagula- 
tion, whose effect is localized. Since intraoral cancer is a 
multicentric disease, it is highly desirable to leave the 
remaining oral mucosa unaffected. New lesions, as they 
appear, are promptly detected in their native state and may 
be hancled with dispatch. 

Radietion therapy has a real place in the treatment of 
large, azgressive lesions and those on the posterior tongue. 
The electrosurgical removal (debulking) of large intraoral 
cancers before planned irradiation reduces anoxic tumor 
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mass. Long-term cure was effected in one patient who had 
this combined therapy. Such debulking is relatively blood- 
less. We suggest further trials of this combined treatment 
approach when dealing with bulky intraoral cancers. 
Despite the good results that can be achieved with this 
tissue-coaserving technique, as reported herein, most mod- 
ern encobgists regard electrocoagulation as only of histor- 
ical interest. Many are totally unfamiliar with the tech- 
nique, yes for the well-trained surgeon it is easy to master. 
That tumor margins are not monitored is considered a 
drawback, yet, if desired, margins can be checked histo- 
logically in any area. Of prime importance is that this 
technique carries with it the advantages of decreased 
morbiditr and the conservation of normal, undamaged 
tissues ia other parts of the oral cavity. We consider 
electrocoagulation to be the preferred method of treating 
many intraoral cancers. Ideally suited for electrocoagula- 
tion are those patients whose lesions are small, easily 


visualized, mobile, and well differentiated. 
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Discussion 


JosSEPH =. Murray, MD, Boston: One possible reason for the 
nonaeceptence of electrocoagulation as a treatment modality might 
be the inability to study the surgical specimen micrescopically. 
Micrescopm monitoring of the adjacent tissues left behind can, of 
course, be done, but many surgeons are uncomfortable when the 
complete specimen is not under the microscope. Often special 
stains or preparations may disclose more information about the 
cancer. 

I use electrocoagulation often in selected instances. It is effec- 
tive when properly performed. 

BLAKE Dapy, MD, Boston: Electrocoagulation has not been 
accepted perhaps because “deliberate cooking” of tissues creates 
injury, which violates traditional surgical thinking, and because 
the Franseen technique has to be performed in a particular way. To 
get itaccepted we need to point out its advantages, as Dr Whelan 
has. The general trend in cancer management for early lesions is 
toward mone conservative therapy. In the oral cavity many patients 
will have = field defect and repeated episodes of cancer. Elec- 
trocoagulaction conserves tissue and can be used repeatedly. 

There must be understanding of when it should and should not be 
used. It is wonderful for small lesions, but I worry about its 


Arch Surg—Vol 122, April 1987 


3 z m- K 7 = =a 
- zx > Ad. DE 


application in T3 cancers, which frequently require combined 
therapy. In carefully selected T3 lesions of low grade, elec- 
trocoagulation could be used. 

It works extremely well for small basal cell and squamous cell 
carcinomas of the skin, but should not be used in the skin in the 
lower leg, which does not heal well. 

W. BRADFORD PATTERSON, MD, Brookline, Mass: Like Dr 
Cady, I am interested in why this technique has not been used 
more. There are several possible explanations. First, we surgeons 
tend to be conservative people. We make a big commitment to 
cancer patients at the time of the operation, and we always fear 
doing less than we perhaps ought to do, thus taking some chance 
with the patient’s life. Therefore, we do tend to do more rather than 
less. Consider breast surgery for cancer and realize how long Cope 
and Crile and Fisher recommended lesser procedures for treating 
the primary lesion, despite the reluctance that surgeons have had 
to do less-than-radical mastectomy. 

Another reason is that modern radiotherapy evolved from a 
rather simple discipline to a highly sophisticated technique with 
fewer complications during the last 30 years. Radiotherapy thus 
played a larger role in treating intraoral cancer. 

Finally, another reason is that we surgeons tend to favor high 
technology. The Franseen technique is simple, and surgeons like 
more complex techniques, such as laser surgery. 

I would also comment on the various possible definitions of 
“eure.” You heard Dr Whelan give one particular definition, 
namely, that the patient lives to die of some other cause or some 
comorbid condition. This is one definition, and it is perfectly 
legitimate, but it is not the only definition. Another possible 
definition is freedom from recurrence for five years. We can also 
look at actuarial survival curves and see how patients survive 
relative to patients who did not have the disease. All of these are 
possible definitions of cure. For older groups of patients, Dr 
Whelan’s approach is particularly logical. 

Dr MARCELLO: I believe electrocoagulation can be used for 
large lesions if they are low grade, as Dr Cady suggested. You can 
cure superficial involvement of the gingival ridge; you eannot cure 
deeper involvement, but, more importantly, you can preserve 
function. Dr Franseen never said you should preserve function at 
the expense of recurrence. Therefore, lesions to be treated by 
electrocoagulation must be carefully selected. 

Dr WHELAN: Dr Murray suggests that our lesser reliance on 
multiple biopsies during the coagulation operation might be a 
drawback. In answer, the surgeon is at liberty at any time to get 
biopsy confirmation. During a procedure of this sort, which allows 
precise definition of tumor borders, the need for multiple biopsies 
is far less than when tumor excision is being done. With the 
dryness of the field provided by diathermy, one is able to visualize 
and deal with even the fine pseudopods of tumor extension. 

Dr Cady wonders why so effective a technique has not been more 
widely accepted. First, it is not being taught in medical schools or 
in residency programs. Also, there persist long-time prejudices 
against “burning procedures,” which used to be carried out by the 
untrained. In the view of many, electrocoagulation is looked on as 
“unsurgical.” It behooves our teachers in surgery to recognize and 
respect electrocoagulation for what it is and to see that the 
technique is taught as a valid alternative to surgery and irradiation 
in selected cases. 

Observing in the operating room and participating in the pa- 
tients’ follow-up visits constitute the ideal way of learning this 
technique. Getting the message to the young is of the essence. 
Among my most cherished moments in surgery has been teaching 
residents and students the basics of electrocoagulation. 

This technique should become an established part of our surgical 
procedures. Its implementation could be effected if each teaching 
facility would encourage one or more surgeons to develop skills in 
this area. 
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An intraoperative autotransfusion system 
that makes autologous transfusion 
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*in 1886, John Duncan performed the first transfusion 
directly from the operative field. 


In Texas call 713-363-9334 © 1986, Cardiovascular Systems, Inc. 
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* Management of the Urinary Tract 


m 


Involved by Recurrent Cancer 


Robert C. Eyre, MD; Peter N. Benotti, MD; Albert Bothe, MD; Blake Cady, MD; Glenn Steele, Jr, MD 


e We present our experience from 1982 to the present in 
treating 53 patients with recurrent cancers (colorectal, 22; 
gynecologic, six; breast, two; melanoma, two; and lung, one) 
secondarily involving the genitourinary tract. All patients had 
severe symptoms that required palliation. Endescopically 
placed stents relieved ureteral obstruction in 18 (75%) of 24 
patients with widespread metastatic disease. Two patients 
required percutaneous nephrostomy tubes, and five required 
open ope ations. Good to excellent palliation was achieved in 
23 of 24 patients. Mean survival in the group with diffuse 
metastases was 13 months (range, six to 29 months). Nine 
patients with localized recurrences underwent surgical proce- 
dures. For localized pelvic recurrences, total exenteration 
(with or without intraoperative radiotherapy) provided excel- 
lent palliation with low morbidity. At the time of this report, five 
of six sucn patients had no evidence of disease, and one hada 
small asymptomatic pelvic recurrence, with a mean follow-up 
of 13 months (range, five to 19 months). 

(Asch Surg 1987 ;122:493-498) 


he clnical management of patients who present with 
advauced recurrent malignancies remains an area of 
considereble challenge and controversy. Since the initial 
report by Brunschwig’ in 1948 of palliative exenteration for 
pelvic tumors, several authors have reported 5% to 30% 
mortality rates and considerable morbidity for surgical 
treatmert of advanced primary and recurrent pelvic tu- 
mors, particularly if ureteral obstruction was found.”° 
In the past decade, the development of endescopically 
placed imlwelling ureteral catheters, refinements in per- 
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cutaneous radiologic techniques, and greater familiarity 
with alternative methods of urinary diversion have placed 
before the urologist a wider array of interventional options 
to treat urinary obstruction caused by malignant disease. 
With them, however, goes the responsibility for maintain- 
ing an appropriate level of therapeutic aggressiveness in the 


face of advanced cancers. Herein, we review our experience 
in treating 33 patients with symptomatic involvement of the 


genitourinary tract by recurrent cancers ever the past four 
years. Sites of metastatic disease, therapeutic modalities 
used, complications, and survival are discussed. 


PATIENTS AND METHODS 


The records of 33 consecutive patients treated by one of us 
(R.C.E.) from 1982 to 1986 for recurrent cancer symptomatically 
involving the genitourinary tract from four months to seven years 
after primary cancer surgery form the basis of this report. There 
were 23 women and ten men. They ranged in age from 24 to 77 
years. Twenty-two patients had recurrent colorectal tumors. Of 
this group, adjuvant chemotherapy had been given to four, radia- 
tion therapy to five, and intraoperative radictherapy (IORT) to 
two. Two patients had endometrial cancer, three had ovarian 
cancer, and one patient had endocervical cancer. Two patients had 
recurrent malignant melanoma, two had breast cancer, and one had 
squamous carcinoma of the lung. 

Intravenous pyelography (IVP), ultrasonography, computed to- 
mography (CT), physical examination under anesthesia, retro- 
grade pyelography, and fine-needle biopsy were selectively used to 
determine the extent of recurrent disease. Twenty-four patients 
(73%) were determined to have intra-abdominal carcinomatosis or 
distant metastases at the time of urologic evaluation, while nine 
patients (27%) were believed to have localized recurrences. Pri- 
mary tumor types and assessment of disease extent are listed in 
Table 1. 


REPORT OF CASES 


Case 1.—A 61-year-old woman underwent an abdominoperineal 
resection for an adenocarcinoma of the rectum in 1982. She received 
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Fig 1.—Computed tomographic scan shows diffuse invasion of 
bladder and prostate gland by recurrent colon cancer. 





Fig 2.—Computed tomographic scan demonstrates bilateral 
ureteral stents in renal pelves that are occluded, producing hydro- 
nephrosis. 


5000 rad (50 Gy) of adjuvant postoperative radiotherapy. 

In May 1984, symptoms of painful voiding and small bowel 
obstruction developed. She was found to have recurrent tumor in 
the pelvis obstructing the right ureter. She underwent a 
laparotomy with excision of a pelvic tumor mass, small-bowel 
segment, and cecum. She was believed to have residual tumor 
involving the vagina and posterior bladder wall. Her voiding pain 
resolved, and she was diseharged. 

Nine months later, severe perineal pain associated with voiding 
developed, requiring regular use of oral morphine sulfate. Evalua- 
tion showed massive right hydronephrosis with an end-stage, 
nonfunctioning right kidney and a large, recurrent pelvic mass 
involving the bladder and vagina. 

In May 1985 (one year after the previous operation), she under- 
went a total pelvic exenteration, partial vaginectomy, right neph- 
roureterectomy, and formation of a sigmoid colon urinary conduit. 
In the area where the tumor recurrence was fixed to the right 
lateral pelvic wall, she reeeived localized IORT with 2000 rad (20 
Gy). No distant tumor was found. 

She recovered uneventfully and was discharged pain free receiv- 
ing no analgesics. Seventeen months later she remained 
asymptomatic, although a small pelvic side wall recurrence had 
just been found en CT. 
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Table 1.—Diagnosis and Extent of Recurrent Disease | 


Extent of Disease, 
No. of Patients 

Localized 
5 
1 
0 
Cervix 1 
Melanoma 1 
Breast 0 


9 (27%) 24 (73%) 


Casr 2.—A 24-year-old man underwent a left colectomy in 1981 
for a Dukes’ B adenocarcinoma of the colon. No adjuvant therapy 
was giver. Four years later he presented with dysuria, clear 
urethral discharge, and production of scant bloody emission with 
ejaculat om. He was found on needle biopsy to have diffuse involve- 
ment of the prostate gland and bladder by recurrent colon car- 
cinoma (Fg 1). An IVP showed bilateral ureteral obstruction with a 
normal ereatinine level. He was treated with 2000 rad (20 Gy) of 
external beam radiation and continuous-infusion 5-fluorouracil 
without a 2linical response. During the course of treatment, acute 
renal falure with a creatinine level of 9.0 mg/dL (800 pmol/L) 
developed requiring placement of bilateral percutaneous nephros- 
tomy tubes. When renal function normalized, he underwent a total 
pelvic exenteration with ileal conduit. All pelvic tumor was be- 
lieved ta have been resected, all lymph nodes were negative, and no 
distant metastases were found. The nephrostomy tubes were 
removec, and renal function has remained normal. Pathologic 
examinatien showed invasion of the prostate gland, bladder, semi- 
nal vesicles, and both ureters by colonic tumor. Six months 
postoperasively, with no evident disease, a penile prosthesis was 
placed. He remained well 19 months following his exenteration. 

Cask 3.—A 55-year-old woman had a sigmoid resection with an 
end-colestomy and Hartmann pouch for a perforated sigmoid 
carcinoma metastatic to the ovary and regional lymph nodes. She 
received 4500 rad (45 Gy) to the pelvis, and three months after the 
completion of radiotherapy she underwent attempted colostomy 
closure. A recurrence was noted at the infundibulopelvic ligament 
with a small-bowel attachment. Two years later she was noted to 
have left hydronephrosis, and a stent was placed. That same month 
colonic cbstruction developed, requiring a sigmoid resection, right 
colectomy hysterectomy, and bilateral ureterolysis, with [ORT to 
the pelvis. 

She did well for another two years, at which time she presented 
with severe perineal pain, a fixed pelvic mass, and bilateral 
ureteral onstruction. Needle biopsy confirmed recurrent tumor. 
Bilatera. ureteral stents were placed. Two months later she 
presented with acute Pseudomonas pyelonephritis, which re- 
sponded te aminoglycoside therapy. One month later she returned 
with oligu-ia, profound sepsis and acidosis, seizures, and a creati- 
nine level ef 14.9 mg/dL (1320 pmol/L). Both stents were found to be 
occludec ky fungal debris (Fig 2). The left stent was replaced but 
the right ureteral obstruction could not be bypassed. A per- 
cutaneous nephrostomy tube was placed, and a contrast study 
demonstreted probable tumor invasion of the middle and lower 
ureter. Umder fluoroscopic guidance, an antegrade double-J in- 
dwelling stent was placed after treatment of the fungemia with 
amphotericin B. She was discharged with a creatinine level of 
1.5 mg/čL (130 pmol/L). 
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Table 2—Presenting Symptoms and Laboratory Findings in 33 
Patients Treated for Recurrent Cancer Involving the Urinary Tract 


No. (%) of Patients 


Rank pain 21 (64) 
Voiding dysfunction 6 (18) 
Fistulas 6 (18) 
Pelvic/lawer-extremity pain 3 (9) 
Gross F=maturia 3 (9) 
Ejaculatory dysfunction 1 (3) 


Laboratory Finding 
Microhematuria 8 (25) 


Proteinuria 4 (13) 
Imfectec urine 3 (9) 





Fig 3.—Large, recurrent colon cancer invading bladder, producing 
gross hematuria. 


Two manths later, multiple areas of small-bowel obstruction 
developed. She was treated conservatively and died at home a few 
weeks later. 

Tke many problems seen in this case are typical of patients who 
present with intra-abdominal tumor recurrences. Each presents 
difficult management decisions. This patient also demonstrates 
the complications associated with ureteral stents. 

Case 4.—A 54-year-old man with a solitary metastasis to the 
left Kidner and upper ureter from an epidermoid carcinoma of the 
lung had severe flank pain that required continuous narcotic 
therapy far control. He initially obtained some relief and regres- 
sion in tumor size from chemotherapy, but he presented several 
months laer with intractable pain. We were unable to stent the 
obstructec ureter, and he underwent a nephrectomy, with excel- 
lent pallia_ion. He died several months later of pulmonary embo- 
lism following an unrelated surgical procedure. 


RESULTS 


Presenting symptoms and laboratory findings are listed 
in Table 2 All 21 patients who complained of flank pain were 
found to aave ureteral obstruction, and silent hydroneph- 
rosis was diagnosed by IVP, CT, or ultrasonography in nine 
others, far a total of 91% (bilateral in 19 of 30 patients). Four 
patients with localized pelvic recurrences of colon cancer 


Arch Surg—Vol 122, April 1987 





Table 3.—Indications and Procedures Performed in 24 
Patients With Widespread Cancer Recurrence* 








Indication 


Ureteral obstruction 
(32 renal units) 












Stent 
Percutaneous nephrostomy 3 
Nephrectomy 2 


Ureterolysis and 
intraoperative radiotherapy 


2 
Ureteroureterostomy 2 
2 
1 









Gross hematuria— TURBT 
vesicocutaneous fistula Partial cystectomy 


*TURBT indicates transurethral section of bladder tumor. 





Table 4.—Indications and Procedures Performed in Nine 
Patients With Local Cancer Recurrence 










No. of 







Indication Procedure Patients 
Ureteral obstruction Nephrectomy 1 
Stent 1 





Colovesicovaginal fistula Fecal/urinary diversion 1 


Resectable pelvic recurrence Pelvic exenteration with 
intraoperative radiotherapy 


Pelvic exenteration with 
intraoperative radiotherapy 











presented with fistulas draining necrotic tumor debris. A 
colovesicovaginal fistula developed in one patient with 
recurrent cervical carcinoma several years after surgery 
and radiation therapy, and one patient with widespread 
ovarian cancer presented with an enterovesicocutaneous 
fistula. In patients with voiding dysfunction (retention or 
urgency incontinence), cystoscopy revealed tumor com- 
pression of the bladder neck or invasion of the trigone. All 
three patients who presented with gross hematuria had 
large tumor masses invading the bladder mucosa (Fig 3). 
One male patient (case 2) with recurrent colon cancer 
invading the bladder, prostate gland, and seminal vesicles 
presented with ejaculatory dysfunction. Twelve patients 
(36%) had one or more abnormal urinalysis results (micro- 
hematuria, 25%; proteinuria, 13%; positive urine culture, 
9%). 

Surgical procedures performed varied according to the 
palliative needs of each patient and the extent and location 
of recurrent disease in each situation. These are summa- 
rized in Tables 3 and 4. One patient died of postoperative 
complications, for a series mortality rate of 3%. 

Of 32 obstructed renal units in the group with diffuse 
disease, double-J indwelling ureteral stents were placed in 
21 ureters. Four patients with bilateral ureteral obstruction 
had unilateral end-stage, nonfunctioning kidneys that were 
asymptomatic and had severe flank pain associated with 
their obstructed, functioning kidneys (Fig 4). Stents were 
placed only on the side of function, with complete resolution 
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Fig 4.—Intravenous pyelogram of 62-year-old woman with recurrent 
colon cancer and nephrotic syndrome shows nonfunctioning right 
kidney and obstruction of left ureter at two sites. Left stent was 
placed. 


of pain. In seven other patients with bilateral ureteral 
obstruction, it was not possible to pass stents to both 
kidneys. A stent was passable on the side of symptomatic 
obstruction in five patients, but two patients required 
percutaneous nephrostomy tubes. When one functioning 
kidney was decompressed, no further procedures were 
undertaken to bypass asymptomatically obstructed op- 
posite kidneys (even though they were believed to have 
recoverable function), since all patients in this group had 
advanced malignancy. Two of the patients with obstruction 
also presented with urgency incontinence related to tumor 
invasion of the bladder trigone. Stents relieved their flank 
pain, but anticholinergic medication was only moderately 
successful in relieving their voiding dysfunction. Of the 19 
patients managed by ureteral stents (21 renal units), subse- 
quent complications were seen in nine (47%), including 
bacterial and fungal sepsis in three (16%), occlusion by 
fungus or proteinaceous debris in four (21%), and distal 
stent migration in four (21%). Mean survival for the group 
managed by stents or nephrostomy was 13 months (range, 
four to 29 months). 

Two patients with unilateral ureteral obstruction were 
found to have complete ocelusion of the ureter by recurrent 


colonic tumor associated with severe flank pain. One of 


them, aged 29 years, had a percutaneous nephrostomy tube 
placed. Urine cytology was positive for mucin-producing 
adenocarcinoma. She underwent a palliative nephrectomy 


496 Arch Surg—Vol 122, April 1987 


Fig 5.—Technique utilizing existing colostomy to create urinary 
conduit without bowel anastemosis. 





and died of diffuse intra-abdominal carcinomatosis six 
months later. The other patient, with liver metastases of 
five years duration, refused nephrostomy or nephrectomy. 
He underwent excision of a tumor mass invading the psoas 
and right ureter with primary ureteroureterostomy. His 
ureter remained unobstructed until his death from hepatic 
failure 13 months later. 

Two patients with concurrent bowel and ureteral obstruc- 
tion underwent palliative bowel resections combined with 
ureterolysis, allowing IORT without risking injury to the 
ureter. One patient with an impassable ureteral obstruction 
and obstruction of the ascending colon from recurrent 
endometrial cancer had a right colectomy and transuretero- 
ureterostomy. Postoperatively, a pelvic abscess with 
anastomctic disruption developed, and she died. 

Four patients who were believed to have recurrent colon 
tumors localized to the pelvis and one patient with a pelvic 
recurrenee of malignant melanoma were treated with pal- 
liative exenterations. All presented with voiding dysfunc- 
tion, fistulous drainage, or severe pelvic pain rather than 
flank pain, although three patients were found preopera- 
tively to have ureteral obstruction and a fourth was found to 
have right hydronephrosis intraoperatively. All of these 
patients complained severely of their symptoms and be- 
lieved that their quality of life was poor because of them. 
Details of two of the patients are described in case histories 
l and 2. The third had a vaginal fistula draining necrotic 
tumor debris and severe voiding difficulty. During the 
exenteration, IORT was given to the pelvic side wall. She 
recovered uneventfully and remained well one year later. A 
combined approach was used on the fourth patient to do an 
exenteration and vaginectomy. A posterior thigh myo- 
cutaneeus flap was used to cover the large perineal defect, 
and a transverse colon cenduit was created. She recovered 
uneventfully but presented two months postoperatively 
with an internal hernia that required surgical correction. 
She remained well and symptom free 16 months after 
operation. Mean follow-up for this group was 14.5 months 


(range, nine to 19 months), with four of five patients without t 


evident disease at the end of follow-up. 
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! Table 5.—Stent Complications* 






















No. (%) of 
Probsem Patients Cause Treatment/Prevention 
Cdstrucion’ 4 (21) Dehydration, Creatinine measurement 
-encrustation tumor and renal ultrasound 












metabolism every 3 mo, replace 


stent every 6 mo 











hematuria/ 4 (21) Trigonal Anticholinergics, 
irritatie abrasion topical analgesics 
sympoms 

Migration 4 (21) Peristalsis Replacement 











3 (16) Foreign body— Vigorous antibiotics, 
compromised bacterial/fungal culture 
host, and sensitivity 


obstruction 








*Srent complications occurred in nine of 19 patients. 


One patient with a pelvic recurrence of ovariamearcinoma 
whe presented with a large necrotic tumor mass and a 
cutaneous fistula in the periumbilical area underwent pal- 
liative excision of the tumor mass with en bloc subtotal 
cystectomy and abdominal wall resection. She had a prior 
fecal diversion, and a right colon urinary conduit was 
created. A tensor fascia lata graft was used te close the 
abdeminz] wall, and primary skin closure was obtained. 
Other then some encasement of the iliac vessels (found to be 
inflammation only on biopsy specimens), all visible tumor 
was believed to have been resected. An end-stage, nonfunc- 
tionmg kadney was left in situ, with the distal ureter excised 
in the tumor mass. Socially isolated because of her state 
befare operation, she now has returned to a normal life five 
months after surgery. 

Left ureteral obstruction and a colovesicovaginal fistula 
developed in another patient with recurrent carcinoma of 
the cervx after radiation therapy. Because of profound 
sepsis and acidosis, respiratory failure developed, and she 
was intukated prior to transfer to our intensive care unit. A 
left percutaneous nephrostomy tube was placed, yielding 
thick, purulent urine. After metabolic and respiratory 
improvement, she underwent urinary and fecal diversion 
with an 2nd-sigmoid colostomy and a transverse colon 
conduit. A pelvic exenteration is planned. 

Im summary, 24 patients with diffuse recurrent car- 
cinoma had 18 endoscopic, three percutaneous, and six open 
surgical drecedures performed. Palliation of presenting 
Symptoms was considered excellent in 21 patients, inter- 
mediate in two (residual voiding dysfunction), and poor in 
one (pestoperative death). Nine patients with localized 
recurrenees had open surgical procedures performed, and 
palliation was considered to be excellent in all. 


COMMENT 


Many malignant neoplasms, particularly colorectal and 
gynecologic tumors, involve the structures of the geni- 
tourmary tract when they recur, either by extrinsic com- 
pression cr direct invasion. Many patients have no referable 
Symptoms but may demonstrate persistent urinary tract 
infeetion, proteinuria, or hematuria, which should prompt a 
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more complete evaluation in patients with a history of 
neoplastic disease. Richie et alf found that in a series of 82 
patients with metastatic ureteral obstruction, fewer than 
55% complained of genitourinary symptoms. 

When the urinary tract is secondarily involved ky tumor, 
one should have clear indications for recommending treat- 
ment. These include palliation of symptoms produced by the 
tumor, preservation of renal function so that adjuvant 
therapy may be given (ie, chemotherapy), or managing 
urosepsis in the presence of obstruction. Urinary obstruc- 
tion with or without azotemia should not be treated without 
a thorough understanding of the extent of recurrent disease 
and a frank discussion with the patient and his physician 
about the risks and benefits of intervention. We have 
evaluated several patients (not included in this series) for 
whom no intervention was recommended. These patients 
had advanced liver or pulmonary metastases cr tumor 
encasement of the small bowel with obstruction associated 
with relatively asymptomatic ureteral obstruction. In these 
situations, progressive azotemia may be the most humane 
terminal process. 

In most cases of symptomatic ureteral obstruction, in- 
dwelling stents can be placed with good therapeutic benefit 
and minimal morbidity. When retrograde catheter place- 
ment is unsuccessful, it is often helpful to leave a whistle-tip 
catheter in the ureter just below the obstruction. If con- 
trast medium flows by the impassable area on retrograde 
ureterography, a guide wire can often be passed via the 
whistle-tip catheter to the renal pelvis under flucroscopic 
control. An indwelling stent may then be placed over the 
guide wire. Some strictures that have been impassable by 
either retrograde technique have been negotiated under 
fluoroscopic control through an antegrade percutaneous 
nephrostomy approach. 

Bacteriuria is frequently seen in patients with obstruc- 
tion, and it should be vigorously treated both before and 
after instrumentation. Organisms that are normally non- 
pathogenic, such as Streptococcus and Staphylococcus 
species or vaginal flora, may produce clinically significant 
infections in the presence of indwelling stents. Bacterial 
and fungal cultures should be performed every three 
months after stent placement. We rarely use prophylactic 
antibiotic therapy because of the risk of fungal overgrowth. 

Recurrent obstruction of stented ureters is not uncom- 
mon, as the stents may be occluded by crystals, pro- 
teinaceous debris, or fungus or they may migrate below the 
area of obstruction. Patients with these complications fre- 
quently present with overwhelming sepsis, anuria, and 
acute renal failure. A baseline ultrasound examination and 
roentgenographic examination of the kidneys, ureters, and 
bladder should be done one or two days after stent place- 
ment to check the position of the stent and to assure that the 
pelvis is decompressed. If a patient presents with sepsis or 
anuria, one can compare an emergency roentgenogram of 
the kidneys, ureters, and bladder and ultrasound with the 
previous studies and, often, one can make the diagnosis of 
migration or occlusion very quickly. Follow-up ultrasound 
studies should be done every three months with routine 
stent replacement every four to six months to minimize the 
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risk of stent occlusion. Stent complications, seen in nine of 
19 patients, are summarized in Table 5. 

Our current practice of offering palliative exenteration to 
patients with recurrent tumors localized to the pelvis is 
based on three factors: (1) an appreciation that serious 
complications often developed in patients who were initially 
treated conservatively (stents, ureterolysis, etc) because of 
recurrent ureteral obstruction, and these patients often 
survived long enough for intractable pelvic pain, voiding 
dysfunction, or fistulas to develop; (2) the availability at our 
institution and potential efficacy of [ORT for residual pelvic 
side wall disease, especially in colon cancer’; and (3) the 
benefits of a multidiseiplinary approach,* in which senior 
staff members perform those parts of the procedure most 
familiar to them (including surgeons, urologists, plastic 
surgeons, radiotherapists, and the nutrition support serv- 
ice). Only a small percentage of patients are suitable 
candidates for this type of procedure, and careful selection 
is mandatory, but when appropriate patients are encoun- 
tered, good palliation and comfortable survival for a reason- 
able duration can be achieved. 

With regard to urologic management, several consid- 
erations are important to minimize the morbidity and 
mortality historically associated with palliative cancer 
surgery’: (1) When urinary diversion is needed, uretero- 
intestinal segments are always employed, and cutaneous 
ureterostomies are avoided. (2) Nonradiated bowel should 
be used; hence the applicability of the transverse colon 
segment, which allows the ureterointestinal anastomoses 
and the stoma to be abeve the area of pelvic dissection and 
radiation." (3) In patients with preexisting fecal diversion, 
the stoma should be taken down completely, the length of 
colon needed for a urinary conduit determined, and the 
bowel divided at that point. The distal bowel segment on its 
pedicle is then used to fashion an everted urinary stoma, 
and the proximal bowel end is then relocated as the new 
fecal stoma, thus requiring no bowel anastomoses (Fig 5). 
(4) In the face of extensive pelvic dissection, probable bowel 
resection, and possible residual tumor, a transuretero- 
ureterostomy should not be performed to relieve unilateral 
ureteral obstruction. Urinary diversion with or without 
cystectomy offers the best palliation with the least mor- 
bidity in this setting. 

This selected group of patients demonstrates that excel- 
lent palliation and inereased survival may be obtained by 
exenterative procedures with urinary and fecal diversion. 
Morbidity has been mimimal, and all patients have been able 
to return to active life-styles. 

In summary, by selectively utilizing the many therapeu- 
tic options currently available to treat symptomatic tumor 
recurrences involving the genitourinary tract, one can 
achieve excellent palliation in almost all cases. 


References 


1. Brunschwig A: Complete excision of the pelvic viscera for advanced 
carcinoma. Cancer 1948;1:177-183. 

2. Brunschwig A, Barber HRK: Surgical treatment of carcinoma of the 
cervix. Obstet Gynecol 1966;27:21-29. 

3. Kiselow M, Butcher HR, Bricker EM: Results of the radical surgical 
treatment of advanced pelvie cancer: A 15-year study. Ann Surg 1967;166: 
428-436. 


498 Arch Surg—Vol 122, April 1987 


4. Morky GW, Lindenauer SM, Cerney JC: Pelvic exenteration therapy 
in recurrent pelvic carcinoma. Am J Obstet Gynecol 1971;109:1175-1186. 

5. Ulm Ad, Klein E: Management of ureteral obstruction produced by 
recurrent. cancer of the rectosigmoid colon. Surg Gynecol Obstet 1960;110: 
413-418. 

6. Richie JP, Withers G, Ehrlich R: Ureteral obstruction secondary to 
metastatic tumors. Surg Gynecol Obstet 1979;148:355-357. 

7. Gunderson LL, Cohen AC, Dosoretz DD, et al: Residual, unresecta- 
ble, or recurrent colorectal cancer: External beam irradiation and in- 
traoperat ve electron beam boost + resection. Int J Radiat Oncol Biol Phys 
1983;9:15¢7-_606. 

8. Olsson CA, Deckers PJ, Williams L, et al: New look at pelvic 
exenteration. Urology 1976;7:355-361. 

9. Sharer W, Grayhack JT, Graham J: Palliative urinary diversion for 
malignant ureteral obstruction. J Urol 1978;126:162-164. 

10. Brin EN, Schiff M, Weiss RM: Palliative urinary diversion for pelvic 
malignaney. J Urol 1975;113:619-622. 

11. Eyre 2C, Rosenthal JT, Libertino JA, et al: Management of urinary 
and bowel complications after ileal conduit diversion. J Urol 
1982;128: 77-1180. 


Discussion 


James H. Foster, MD, Farmington, Conn: I personally have 
been dreadfully sorry in the last 12 months for two patients for 
whom I participated in the decision to stent an obstructed urinary 
tract. Their misery was prolonged by many months in each 
instance, mostly related to chronic bowel obstruction. I do agree 
that exenteration, if done well, may palliate better in selected cases 
than repeated radiotherapy and the almost-always-ineffective 
chemotherapy. 

Can we measure palliation? Certainly not by counting total days 
of surviva . Perhaps we should begin by subtracting three times 
the hospital stay, because it takes a patient two months to feel 
reasonablr well after a one-month hospitalization. For the remain- 
ing time at home, make an algebraic sum. For every day that is 
comfortabie and reasonably useful, add 2; for a day of moderate 
comfort aad minor misery, add 1. Then, for every day in which 
misery, wiether from disease or therapy, exceeds comfort, sub- 
tract 1, and for every day in which the patient would prefer to be 
dead, subtract 2. That score would be different from the 13 months 
mean survival reported here. 

I think we need to think more about how our patients should die, 
not live. Trere are options, and I think we ought to aim our patients 
toward the most comfortable option in spite of the lawyers and do- 
gooders. My own ground rules would be as follows: If the patient is 
reasonably uncomfortable with nonurologic symptoms, we should 
not relieve urinary obstruction because renal failure is a kinder way 
for a patient to die than most. If the trouble is largely urologic and 
easily reli2ved, we should drain pus or relieve obstruction. Stents 
or nephrectomy often serve better than surgical gymnastics, 
particularly in radiated tissue. 

Lastly, she general surgeon who has treated the original cancer 
and diagnosed the recurrence and the urologic problem will serve 
his patient best by maintaining a leadership and counseling role 
during the treatment of the urologic complication. 

Dr Eyre: I am in complete agreement with everything Dr 
Foster has said. This is a highly selected group of patients who 
presentec with severe symptoms from their urologic problems. I 
see a naber of patients with primary bowel problems who have 
incidentally been found to have either asymptomatic or relatively 
asymptomatic urinary obstruction, and those patients are not 
included mm this series. I recommend no urologic intervention for 
those patents for exactly the reasons Dr Foster has discussed. I 
agree tnat progressive azotemia is by far a more humane death 
than progressive and recurrent bowel obstruction, and I am quite 
careful te honestly discuss with patients their prognosis and the 
potential morbidity of treatment. Not all patients should be 


treated. and the urologist must carefully weigh the risks and ` 


benefits cf treatment with the patient prior to any intervention. 
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Free comprehensive 44-page publication summarizes 
the proceedings from a recent and important symposium 
on intraoperative blood recovery and autologous 
transfusion held in Houston, Texas. Gives you practical 
insights from surgery, anesthesiology, the blood bank 
and pathology. Call now for your free copy. 
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In intra-abdominal and gynecologic infection 


due to indicated organisms 
Switch to 





(cefotetan disodium) 


CEFOTAN... 


The cost-effective replacement for cefoxitin 


For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS ANDUSAGE 
TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 


Urinary tractintections caused by E coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Protews sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganeva morgani'). 


Lower respiratory traet intections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus auseus (penicillinase- and nonpenicillinase-producing strains), Haemophilus 
neon (including ampicillin-resistant strains), Klebsiella species (including K pneumeniae), 

and E coli 


Skin and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing stains), Staphylococcus epidermidis ,* Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. 


Gynecologic infections caused by Staphylococcus aureus’ (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis," Streptococcus species (excluding entero- 
cocci), E coli, Protews mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicren), Fusobacterium species,' and gram-positive anaerobic cocsi (including 
Peptococcus and Peptestreptococcus species") 


intra-abdominal infectionscaused by £ coli, Klebsiella species (including K pneumoniae"). Strepto- 
coccus species (exctucing enterococci), and Bacteroides species (exclu ing B distasonis _8 ovatus, 
B thetaiotaomicron) 


Bone and joint infections caused by Staphylococcus aureus .' 
* NOTE: Some'strains of Staphylococcus epidermidis are resistant to cefotetan. 
tEfficacy for this organism in this organ system was studied in fewer than ten infections. 


PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as cean 
contaminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, 
transurethral og | biliary tract surgery, and gastrointestinal wey, 

The prophylactic dese of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing eesarean section, CEFOTAN should be administered intravenously after the 
clamping of the umbilical cord 

If there are signs and symptoms of infection, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be inttiated 


CONTRAINDICATIONS | l 
CEFOTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 


WARNINGS 
Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has hadprevious y ee ide reactions to cefotetan disodium, cephalosporins. 
nicillins, or other drugs. This product should be given cautiously to penicillin-sensitivepatients. 
ntibiotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particutarly te drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require eagle and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
spectrum antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit 
overgrowth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary 
cause of antibiotic-associatec colitis. Cholestyramine and colestipol resins have been shower to bind 
the toxin in vitro 

Mild cases of colitis nay respond to drug discontinuance alone. Moderate to severe casesshould 
be managed with fluid electrolyte, and protein supplementation as indicated. When the colitis is not 
relieved by drugidiscontinuance, or when it is severe, oral vancomycin is the treatment of choice for 
kyr A aaa pseudomembranous colitis produced by C difficile. Other causes should also be 
considered. 


PRECAUTIONS 

GENERAL: As with other broac-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

In common with many ather broad-spectrum antibiotics, CEFOTAN may be associated witha fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment, or poor nutri- 
tional state. Prothrombin times should be monitored in patients at risk and exogenous Vitamin K 
administered as indicated 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 


INFORMATION FOR PATIENTS:As with some other cephalosporins, a disulfiram-like reaction 
characterized by flushing, sweating, headache, and tachycardia may occur when alcohol (bees. wine, 
etc) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned aaout the 
ingestion of alcoholic beverages following the administration of CEFOTAN. 


DRUG INTERACTIONS: l! CEFOTAN and an aminoglycoside are used concomitantly, renal function 
should be carefully monitored, especially if higher re p of the aminoglycoside are to be adminis- 
tered or if therapy is prolonged. because of the potential nephrotoxicity and ototoxicity of amimog!yco- 
side antibiotics. Althougm, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, 
it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside. 


DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehline’s solution. 

As with other cephalosporins- Pph concentrations of cefotetan may intertere with measurement of 
serum and urine creatinine ‘vels of Jaffe reaction and produce false increases in the levels of 
creatinine reported. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been perfarmed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standardlaboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administratiomof 


CEFOTAN” (cefotetan disodium) 


developmentally analogous to late childhood and prepuberty in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogo- 
nia and soermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity a lesions 
were dos2-dependent; at 120 mg/kg/day j aa 2-4 times the usual human dose), only 1 of 10 
treated animals was affected, and the degree of degeneration was mild. Simitar lesions have been 
observed in experiments of comparable design with other methylthiotetrazole-containing antibiotics 
and impa red fertility has been reported, particularly at high dose levels. No testicular effects were 
observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5weeks, or in infant dogs 

(3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevanee of these findings to 
humans is unknown. 


USAGE IN PREGNANCY: Pregnancy Category 8: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal reproductive studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed 


USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very law concentrations. 
Caution should be exercised when cefotetan is administered to a nursing woman 


PEDIATRIC USE: Safety and effectiveness in children have not been established 


ADVERSE REACTIONS 
In clinical studies the following adverse effects were considered related to CEFOTAN therapy 


Gastrointestinal symptoms occurred in 1 5 percent of patients; the most frequent were diarrhea (1 in 
80) and nausea (1 in 700) 


Hematologic laboratory abnormalities occurred in 1.4 percent of patients.and cluded eosinophilia 
(1 in 200), positive direct Coombs’ test (1 in 250), and thrombocytosis (1 in 300) 


Hepatic enzyme elevations occurred in 1.2 percent of patients and included a rise in SGPT (1 in 150), 
SGOT (1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700) 


Hypersensitivity reactions were reported in 1.2 percent of patients and included rash (11n 150) and 
itching (1 in 700) 


Local effects were reported in less than one percent of patients and included phlebitis at the site of 
injection (1 in 300), and discomfort (1 in 500). 


DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or 
intramuscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be 
determined by the condition of the patient, severity of the infection, and susceptibility of the causative 
organism 


en 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours !V 
Life-Threatening 6° grams 3 g every 12 hours IV 


*Maximum caily dosage should not exceed 6 grams 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administerec once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be 
administered as soon as the umbilical cord is clamped 


IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The tollowing dosage guidelines may be used 
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DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 


Creatinine Clearance 


mL/min Dose Frequency 
S T O a ee ee 
-30 Usual Recommended Dose” Every 12 hours 
10-30 Usual Recommended Dose” Every 24 hours 
<10 Usual Recommended Dose* Every 48 hours 


Sh kee “EON eee eS a 
“Dose determined by the type and severity of infection, and susceptibility of the causative Organism. 


Cefotetan is dialyzable and it is recommended that for patients undergoingntermittent hemocialy- 
sis, one-quart2r of the usual recommended dose be given every 24 hours on days-between dialysis 
and one-half the usual recommended dose on the day of dialysis 


HOW SUPPLIED 

CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefoteten disodium 
equivalent to 1g and 2 g cefotetan activity for intravenous and intramuscular administration Thelg 
dose is availabe in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. 
The vials should not be stored at temperatures above 22°C and should be protected from light 

1g in 10 mL vial (NDC 0038-0376-10) 

2 g in 20 mL vial (NDC 0038-0377-20) 

1g in 100 mL vial (NDC 0038-0376-11) 

2 g in 100 mL vial (NDC 0038-0377-21) 


Manufactured for 


STUART PHARMACEUTICALS 


Division ot ICI Americas Inc 
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Please see adjacent page 
for brief summary 
of prescribing information. 
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Mean: Powerfully effective antimicrobial therapy 
with a single daily dose. 


| | No. of 
Type of infection* diagnoses Clinical response’ 


Bacterial 42 95% (76% curedt 
septicemia 19% wnproved ¢F) 


95% (75% cured 


20% improved) 


92% (75% cured 
17% improved) 


3 97% (70% cured 
respiratory tract 27% improved) 


Skin/skin 95% (75% cured 
structure 20% imoroved) 


Urinary tract 105 100% (91% cured 


9% improved) 























Bone and joint 






Intra-abdominel 12 














Lower 112 























Overall response 97% (78% cured 


19% improved) 






Dosage was 1 or 2 gm q24h 
"See summary cf product information on last page of this advertisement 
for indicated organ sms 


tClinical Cure: tClinical Improvement: 
Elimination of tye clinical signs A significant lessening of the 
and symptoms of tne disease, clinical signs and symptoms of 
with no recurrence at the time the disease. 


the drug was discontinued or 
during follow-up 


Copyright © 1987 by Hoffmann-La Roche Inc. All rights reserved. 
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Lean: Once-daily therapy costs less. 

Lass drug needed**—usually just 1 gram—fewer 
lV supplies, less pharmacy labor, less nursing 
tme, fewer opportunities for error. . . just a few 
of the many reasons why once-a-day ROCEPHIN® 
(ceftriaxone sodium) almost always costs patients 
lass than any other third-generation cephalosporin. 


And ROCEPHIN IV remains stable for 3 days at 
room temperature, so little is lost to spoilage. 


Result: documented savings of thousands of 
dollars every year'®®. . . and once-daily therapy 
makes outpatient treatment feasible, saving even 
more.” 
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Clear: Generally well tolerated." 

~= As with any cephalosporin, there exists the 
possibility of hypersensitivity reactions, especially 
in individuals with a history of drug sensitivity. 
Adverse clinical effects occur at levels similar to 
those ef other cephalosporins; in clinical trials, 
diarrhea (2.7%), rash (1.7%) and injection-site 
discomfort (1.0%) were reported. 


Once-a-day 


Roce 


_ ceftriaxone so 


& clean. 
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Rocephin v.m 
ceftriaxone sodium/Roche 


Betore prescribing, glezse consult complete product information, a summary of which follows: 
MICROBIOLOGY The wactencidal activity of ceftriaxone results from inhibition of cell wall synthesis 
Ceftnaxone has a hich degree of stability in the presence of beta-lactarnases. both penicillinases and 
cephalosperinases of gram-negative and gram-positive bactena. Ceftriaxone is usually active against the 
following mcroorgansms muito and in clinical infections (see Indications and Usage) 
GRAM-NEGATIVE AEROBES: Enierobacter aerogenes, Enterobacter cloacae, Eschenchia coh, Hae- 
mophilus influenzae \wcluding ampicillin-resistant strains), H. paraintfiuenzae, Klebsiella species (includ- 
ing K pneumoniae). Newssena gonorrhoeae (including penicillinase and nonpenicillinase producing 
Strains), Neissena memingivdis, Proteus mirabilis, Proteus vuigaris, Morganella morganw and Serratia 
marcescers 
Note Many strains.o' me above organisms that are multiply resistant to other antibiotics, eg. penicillins. 
cephalosporins and aminoglycosides, are susceptible to ceftnaxone sodium 
Ceftriaxone is also.active agains! many strains of Pseudomonas aeruginosa. 
GRAM-POSITIVE AEROBES: Staphylococcus aureus (including penicillinase-producing strains) and 
Staphylococcus epidermis (Nete: methicillin-resistant staphylococci ere resistant to cephalosporins, 
including ceftriaxone) Streptococcus pyogenes (Group A beta-hemolytic streptococci), Streptococcus 
agalactiae (Group © streptococe) and’Streptococcus pneumoniae (Note. Most strains of enterococci, 
Streptococcus ‘aecaes and Group D streptococci are resistant ) 
Cettnaxone also demonstrates imvitro activity against the following microorganisms, although the clinical 
significance is unknown 
GRAM-NEGATIVE ABROSES Citrobacter freundi, Citrobacter diversus, Providencia species (including 
Providenæa retiger) Salmonelia species (including S typhi). Shigella species and Acinetobacter 
calcoaceucus 
ANAEROBES. Bactexvaes species, Clostridium species (Note: most strains of C.aifficile are resistant) 
SUSCEPTIBIL'TY TESTING, Standard susceptibility disk method. Quantitative methods that require 
measurement of zore diameters give the most precise estimate of antibiotic susceptibility One such 
procedure (Bauer AW Kirby WMM, Sherris JC, Turck M: Antibiotic Susceptibility Testing by a Standardized 
Single Disk Method, 4m J Clin Patho!.45 493-496, 1966. Standardized Disk Susceptibility Test, Federal 
Register 39 13182 19184, 1974, National Committee for Clincal Laboratory Standards, Approved Stan: 
dard: ASM 2, Pertormance Standards for Antimicrobial Disk Susceptibility Tests, July 1975.) has been 
recommended for use with disks to test susceptibility to ceftriaxone 
Laboratory results of the standardized single-disk susceptibility test using a 30-mcg ceftriaxone disk 
should be interpreted according to the following three critena 
1. Susceptibie orgamsms produce zones of 18 mm or greater indicating that the tested organism is likely 
to respond to thesapy 
2 Organisms that produce zones of 14 to 17 mm are expected to be susceptible if a high dosage (mot to 
exceed 4 9m per days used or if the infection is confined to tissues and fluids (eg. urine), in which 
high antibiotic levels ase attarned 
3. Resistant organisms produce zones of 13 mm or less, indicating that other therapy should be selected 
Organisms shouid be tested with the ceftriaxone disk, since ceftriaxone has been shown by in vitro tests 
to be active aganstcertain strains found resistant to cephalosponn class disks 
Organisms having zones of ess than 18 mm around the cephalothin disk are not necessarily of 
intermediate susceptibility or resistan to ceftriaxone 
Standardized procedures require use of control organisms The 30-mcg cettnaxone disk should give zone 
diameters bet ween29 and 35 mm, 22 and 28 mm and 17 and 23 mm for the reference strains E.colhATCC 
25922. 5 aureus ATCC 25923 and P aeruginosa ATCC 27853, respectively 
DILUTION TECHNIQUES: Based on the pharmacokinetic profile of ceftriaxone, a bacterial isolate may be 
considered susceptible! the MIC value for ceftriaxone is not more than 16 meg/mi. Organisms are 
considered resstant to ceftriaxone ifthe MIC is equal to or greater than 64 mcg/mi. Organisms having an 
MIC vaiue of less than 64 mcg/ml, but greater than 16 mcg/ml, are expected to be susceptible if a high 
dosage (not lo exceed4igm per day) is used or if the infection is confined to tissues and fluids (e gunne), 
in whicn high antt»ote levels are attained 
E coli ATCC 25922. S aureus ATCC 25923 and P aeruginosa ATCC 27853 are also the recommended 
reference strains fer controlling ceftriaxone dilution tests Greater than 95% of MICs for the E. coh strain 
should fail within the range of 0.016 tc 0.5 mcg/ml The range tor the S. aureus strain should be 1 to 2 
mcg/ml, while for the P aerugnosa'strain the range should be 8 to 64 meg/mi 
INDICATIONS AND USAGE: Rocephin is indicated for the treatment of the following infections when 
caused by susceptible organesms 
LOWER RESPIRATORY TRACT INFECTIONS caused by Strep pneumoniae, Streptococcus species 
(excluding enteroeocci), Stach. aureus. H. influenzae, H. parainfivenzae. Klebsiella species (including K 
pneumonias), Ecol, E. aerogenes, Proteus mirabilis and Serratia marcescens 
SKIN AND SKN STRUCTURE INFECTIONS caused by Staph. aureus, Staph epidermidis, Streptococcus 
species (exclucing enterococci), E. cloacae, Klebsiella species (ncluding K pneumoniae), Proteus 
mirabilis and Psewdomnonas 3erugmosa 
URINARY TRACT INFECTIONS (complicated and uncomplicated) caused by E col, Proteus mirabilis, 
Proteus vulgans, M morganiand Klebsiella species (including K pneumoniae) 
UNCOMPLICATED GONORRHEA (cervical/urettwal and rectal) caused by Neisseria gonowhoeae, 
including both penicilinase and nonpenicillinase producing strains 
PELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae 
BACTERIAL SEPTICEMIA caused by Staph aureus, Step pneumoniae, E. coli, H. influenzae and K 
pneunomae 
BONE AND JOINT INFECTIONS caused by Staph aureus, Strep. pneumoniae. Streptococcus species 
(excluding enteracocc)), E coli, P mirabilis, K pneumoniae and Enterobacter species 
INTR4-ABDOMINAL INFECTIONS caused by E coli and K pneumoniae 
MENINGITIS. caused by +. influenzae, N. meningitidis and Strep pneumoniae Ceftriaxone has also been 
used suocess'ully n a immed number of cases of meningitis and shunt infections caused by Staph 
epidermis anc E cali 
PROPHYLAXIS The adminstration of a single dose of ceftriaxone preoperatively may reduce the inci 
dence of postoperative infectionsin patients undergoing coronary artery bypass surgery 
Although ce‘inaxonenas been shown to have been as effective as cefazolin in the prevention ol infection 
following coronary amery Oypass’surgery, no placebo-controlled trials have been conducted to evaluate 
any Seohalcspenn antibiotic in the prevention of infection following coronary artery bypass surgery 
SUSCEPTIBILITY TESTING Before instituting treatment with Rocephin, appropnate specimens should 
be ebtainec tomsoiaton af the causative organism and for determination of its susceptibility to the drug 
Therapy may De instituted orior to obtaining results of susceptibility testing 
CONTRAINBICATICNS: Rozephin is contraindicated in patients with known allergy to the cephalosporin 
Class of antibovcs 
WARNINGS: BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED, CAREFUL INQUIRY SHOULD BE 
MADE TO DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY REAC 
TIONS 1O CEPHALOSPORINS, PENICILLINS OR OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN 
CAJTIOUSLY TO PENICILLIN-SENSITIVE PATIENTS ANTIBIOTICS SHOULD BE ADMINISTERED WITH 
CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY. PARTICULARLY 
TODRUGS SERIOUS ACUTE HYPERSENSITIVITY RE ACTIONS MAY REQUIRE THE USE OF SUBCUTA 
NEOUS ERINEPHRINE AND OTHER EMERGENCY MEASURES 
Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad-spec 
trum antibwokes), therefore, it is important to consider its diagnosis in patients who develop diarrhea in 
association with antibiotic use 
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ROCEPHIN™ (eeft=axone sodium/Roche) 

Treatment with bread-spectrum antibiotics alters the normal flora of the colon and may permit overgrowth 
of clostridia. Stucts indicate a toxin produced by Clostridium difficde is one primary cause of antibic ic- 
associated colts Cholestyramine and colestipol resins have been shown to bind to the toxin in wiro 
Mild cases oftcelfis respond to drug discontinuance alone. Moderate to severe cases should be man: 
aged with flug, 2=ctrolyte and protein supplementation as indicated 

When the colitsas not relieved by drug discontinuance or when it is severe. oral vancomycin is the 
treatment of chowe for antibiotic-assocated pseudomembranous Colitis produced by C difficile Other 
causes ofcoiitis should also be considered 

PRECAUTIONS GENERAL Although transient elevations of BUN and serum creatinine have been 
observed, at Ihe ecommended dosages. the nephiatoxic potential of Rocephin is similar to that of other 
cephalosponns 

Ceftnaxone is excreted via both bilary and renal excretion (see Clinical Pharmacology) Therefore, patients 
with renal lue normally require no adjustment in dosage when usual doses of Rocephin are 
administered. bet concentrations of drug in the serum should be monitored periodically. If evidence of 
accumulation essts, dosage should be decreasediaccordingly 

Dosage adjustments should not be necessary in patients with hepatic dysfunction, however. in patients 
with both hapats dysfunction and significant rena’ disease, Rocephin dosage should not exceed 2 gm 
daily withou! diese monitonng of serum concentrations. 

Alterationsn thrombin times have occurred rarely in patients treated with Rocephin. Patients with 
impaired vitamæ K synthesis or low vitamin K stores (e.g, chromic hepatic disease and mainutritton) may 
require Moritosng of prothrombin time during Rocephin treatment Vitamin K administration (10 mg 
weekly) may tenecessary if the prothrombin timeas prolonged betore or during therapy. 

Prolonged ese «f Rocephin may result in overgrowth of nonsusceptible organisms Careful observation of 
the patient is essential If supenntection occurs during therapy, appropriate measures should be taken 
Rocephin showld be prescribed with caution in andividuals with a history of gastrointestinal disease. 
especially soa 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY Carcinogenesis: Considering the 
maximum duration of treatment and the class of the compound. carcinogenicity studies with ceftriaxone 
in animals Nave not been performed. The maximum duration of animal toxicity studies was six months 
Mutagenesis Genetic toxicology tests included the Ames test, a micronucleus test and a test for 
chromesomalaberrations in human lymphocytes cultured in vitro with ceftriaxone Cefttnaxone showed 
no potential © mutagenic activity in these studies 

impairment of=ertility Ceftnaxone produced no mpaiment of fertility when given intravenously to rats at 
daily doses up to 586 mg/kg/day, approximately 20 times the recommended clinical dose of 2 gm/day 
PREGNANCY Teratogenic Effects: Pregnancy Category B Reproductive studies have been performed in 
mice and ræsat doses up to 20 times the usual human dose and have no evidence of embryotoxicity, 
tetotoxicity orseratogenicity. In primates, no embryotoxicity or teratogenicity was demonstrated at a dose 
approximate! three times the human dose 

There are hewever, no adequate and well-controlled studies in pregnant women. Because animal 
reproductve studies are not always predictive of human response. this drug should be used during 
pregnancy wally if clearly needed 

Nonteratogemc Effects. In rats, in the Segment | (fertility and general reproduction) and Segment IIl 
(perinatal ane postnatal) studies with intravenously administered ceftriaxone, no adverse effects were 
noted oF vamous reproductive parameters during gestation and lactation, including postnatal growth 
functional be avior and reproductive ability of the offspring, at doses of 586 mg/kg/day or less 
NURSING MOTHERS Low concentrations of ceftriaxone are excreted in human milk Caution should be 
exercises wien Rocephin is administered to a nursing woman 

PEDIATRIC JSE Satety and effectiveness of Rocephin in neonates. infants and children have been 
established or the dosages described in the Dosage and Administration section 

ADVERSE 8_ACTIONS: Rocephin is generally well tolerated. in clinical tnals, the following adverse reac 
tions, WiC mvere considered to be related to Rocephin therapy or of uncertain etiology, were observed 
LOCAL RE4CTIONS —pain, induration or tenderness at the site of injection (1%). Less frequently reported 
(less than 15) was phlebitis after IV administration 

HYPERSENSITIVITY —rash (17%) Less frequently reported (less than 1%) were pruntus, fever or chills 
HEMATOLOGIC —eosinophilia (6%), thrombocytosis (51%) and leukopenia (21%) Less frequently 
reportes (iss than 1%) were anemia, neutropenia, lymphopenia, thrombocytopenia and prolongation of 
the protmrembin time 

GASTROINTESTINAL —ciarthea (27%) Less frequently reported (less than 1%) were nausea or vomiting. 
and dysgeesia. 

HEPATIC —levations of SGOT (31%) or SGPT (3.3%) Less frequently reported (less than 1%) were 
elevations ef alkaline phosphatase and bilirubin 

RENAL —e=vations of the BUN [1.2%) Less frequently reported (less than 1%) were aievations of 
creatinine and the presence of casts im the urne 

CENTRAL NERVOUS SYSTEM —headache ordizziness were reported occasionally (less than 1%) 
GENITOURINARY —monihasis or vaginitis were reported occasionally (less than 1%) 

MISCELLANEOUS —diaphoresis and flushing were reported occasionally (less than 1%) 

Other aey observed adverse reactions (less than 0.1%) include leukocytosis, lymphocytosis, mono 
cytosis, beSophila, a decrease in the prothrombin time, jaundice, glycosuria, hematuria, bronchospasm, 
serurmesicianess, abdominal pain, Colitis, flatulence, dyspepsia, palpitations and epistaxis 

DOSAGE.AND ADMINISTRATION: Rocephin may be administered intravenously or intramuscularly The 
usual adul daily dose is 1 to 2 gm given once a day (or in equally divided doses twice a day) depending on 
the typeaind severity of the infection The total daily dose should not exceed 4 grams 

For the imatment of senous miscellaneous intections in children, other than meningits. the recom 
mendec tatal daily dose is 50 to 75 mg/kg (net to exceed 2 grams), given in divided doses every 12 hours 
GeneraliyRocephin therapy should be continued for at least two days after the signs and symptoms of 
infechor “ave disappeared The usual duration is 4 to 14 days. in complicated infections longer therapy 
may bevejuired 

In thestrezzment of meningitis, a daily dose of 100 mg/kg (not to exceed 4 grams), given in divided doses 
everylc ours, should be adminstered withsor without a loading dose of 75 mg/kg 

For the t2atment of uncomplicated gonococcal infections, a single intramuscular dose of 250 mg is 
recommended 

For preoserative use (Surgical prophylaxis} a single dose of 1 gm administered Y to 2 hours before 
surgery & recommended 

When treating infections caused by Streptococcus pyogenes, therapy should be continued for at least 
ten cays 

No cosse adjustment is necessary for patients with impairment of renal or hepatic function, however, 
blood sels should be monitored in patients with severe renal impairment (eg. dialysis patients) and in 
patientsevith both renal and hepatic dysfunctions 

HOW SUPPLIED: Rocephin (ceftriaxone soaium/Roche) is supplied as a sterile crystalline powder in glass 
vialSame piggyback bottles. The following packages are available 

Vials staining 250 mg equivalent of ceftraxone Boxes of 10 (NDC 0004 1962-01) 

Vials containing 500 mg equivalent of cettraxone Boxes of 10 (NDC 0004-1963-01) 

Viats Gmitaining 1 gm equivalent of ceftriaxone Boxes of 10 (NDC 0004-1964-01) 

Piggyback bottles containing 1 gm equivalent of ceftriaxone Boxes ot 10 (NDC 0004. 1954-03) 

Vials OM taining 2 gm equivalent of ceftnaxone. Boxes of 10 (NDC 0004-1965-01) 

PiggyD«ck bottles containing 2 gm equivalent of ceftnaxone. Boxes of 10 (NDC 0004 1965-03) 

Bulk prarmacy containers, containing 10 gm equivalent of ceftnaxone Boxes of 1 (NDC 0004-1971-01) 
NOT FOR DIRECT ADMINISTRATION 


Roche Laboratories 
Divtson of Hoffmann-La Roche Inc. 
Nwtley, New Jersey 07110 | ® 
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| AS Gnd tho Silrgpcn: Premigentia AGOTEGR: . oo ic ccc cece ceca ot ec a 519 
R. Dale Liechty, MD, Denver 

“All of us must indulge in a few small follies if we are 

to make reality bearable.’—Proust 


impact of a Trauma System on Outcome of Severely Injured Patients ...................................-- 0 523 
Steven R. Shackford, MD; Robert C. Mackersie, MD; David B. Hoyt, MD; William G. Baxt, MD; A. Brent Eastman, MD: 
Fred N. Hammill, MD; F. Barry Knotts, MD; Richard W. Virgilio, MD, San Diego 
t Ceordinated prehospital and hospital care of trauma victims 
produced good survival results. 


Gastric Emptying and Small Bowel Transit of Solid Food 
, After Pylorus-Preserving Pancreaticoduodenectomy .................n bce cee cece ccc. 528 
| Marco G. Patti, MD; Carlos A. Pellegrini, MD; Lawrence W. Way, MD, San Francisco 
Pylorus-preserving pancreaticoduodenectomy was associated 
with normal gastric emptying. 


Criteria for the Selection of ‘Early’ Carcinomas of the Rectum: 
EE T ILE OET : ct Fy o bc o odke ous ale ahckalh ices cayionpd gta (me... Pecan 533 
Jane C. Nelson, MD; Abdullatif N. Nimr, MD; Neil R. Themford, MD, Toledo 
Lymph node metastases were frequently present in histologically well-differentiated 
rectal carcinomas less than 4 cm in size. 


Pelvic and Sacropelvic Exenteration for Locally 
EEN EEEE nc es cov wevecscvcceds Beet wecetbecc cc 1 537 
‘Nathan W. Pearlman, MD; Robert E. Donohue, MD; Gregory V. Steigmann, MD: 
Dennis J. Ahnen, MD; Scott M. Sedlacek, MD; Thomas J. Braun, MD, Denver 
Radiation and exenteration were helpful in the treatment 
of locally advanced pelvic anorectal carcinoma. 





| l Višelline Duct Anomalies: Experience With 217 Childhood Cases 
| Dennis W. Vane, MD; Karen W. West, MD; Jay L. Grosfeid, MD, Indianapolis 

Meckel’s diverticula produce many complications in infants and children, which suggests 
that incidentally discovered diverticuli should be resected. 


See 2 6. 6 oe @ 6.8 DB 6 ge 6), © Vv: 6 8 6 /6se O.1m 0) em 2 a Beles 6 & be & 


Long-term Follow-up for Treatment of 
i ee ee ey 546 


x A short, loose Nissen fundoplication produced long-term cure of reflux esophagitis. 


Perforated Gastric Ulcers: 

A Plea for Management by Primary Gastric Resection ................. Ln 555 
Gregory S. McGee, MD, John L. Sawyers, MD, Nashville, Tenn 

k A reduction in mortality and complications occurred when 

' primary resection rather than patch closure was performed. 
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Presentation and Perioperative Management of Arterioportal Fistulas 
William E. Strods!, MD; Frederic E. Eckhauser, MD; John H. Lemmer, MD; 
Walter M. Whitenouse, Jr, MD; David M. Williams, MD, Ann Arbor, Mich 
The development of an abdomina! bruit in a patient who has had penetrating abdominal 
trauma suggests an arteriovenous fistula. $ 





Vascular reconstruction in the elderly was performed with 
E low mortality and good results. 





Duplex B-Mode Imaging for the Diagnosis of Deep Venous Thrombosis 4 
Mark Langsfelc, MD; Falls B. Hershey, MD; Lynn Thorpe, RN; Arthur I. Auer, ND: 
H. Bradley Binmington, MD; Jaseph J. Hurley, MD; John J. Woods, MD, St Lou's 
| Duplex B-mode imaging and Doppler ultrasound effectively 
diagnosed lower-extremity deep-vein thrombosis. 


Fr AE EE E E EIE a ce so EA AE oe ee ee E 592 
Joseph P. Meyer, MD; John A. Barrett, MD; James J. Schuler, MD; D. Preston Flanigan, MD, Chicago 
| Clinical assessment alone is inadequate to predict major neck injuries. 


Mandatory vs Selective Exploration for Penetrating Neck Trauma: 
| 
| 


Technical Defects as a Cause of Early Graft Failure After Femorodistal Bypass ................................ 599 
| Larry L. Stept, MD; William R. Flinn, MD; Walter J. McCarthy IIl, MD; 
Stephen T. Bartlett, MD; John J. Bergan, MD; James S. T. Yao, MD, PhD, Chicago 
| Technical problems were not the most common cause of early 
occlusion of vascular reconstructions. 


Diagnostic Pericardial Window: 

| A Safe Alternative to Exploratory Thoracotomy for Suspected Heart Injuries .................................. 605 
| Frank B. Miller, MD; Sheldon J. Bond, MD; Charles R. Shumate, MD: 

', Hiram C. Polk, Jt, MD; J. David Richardson, MD, Louisville 

; Diagnosis of cardiac injury in patients with equivocal signs 

| can be made quickly by a pericardial window. 


| Jejunoileal Bypass: A Legacy of Late Complications ......0000 0c A 610 
John R. Kirkpatrick, MD, Pittsburgh 
Be Reversal of all intestinal bypass operations performed 

for obesity is recommended. 


Neonatal Diaphragmatic Hernia: 

An Improving Outlook With Extracorporeal Membrane Oxygenat on 
Thomas R. Weber, MD; Robert H. Connors, MD; D. Glenn Pennington, MD; Susan Westfall, MD: 
William Keeman, MD; Suresh Kotagal, MD; J. Eugene Lewis, MD, St Louis 

Extracorporeal membrane oxygenation helps to improve survival | 
in newborns with congenital diaphragmatic hernia. 
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Subcutaneous Emphysema and Cocaine: A Rare Case Nagui Khouzam, MD, Winter Garden, Fla; Lenworth M. Jacobs, MD, 
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NEW! NEW! NEW! 


A remarkable new reference for the 20th Century surgeon... 


HERNIA REPAIR WITHOUT DISABILITY (2ND ED.) 


by Irving L. Lichtenstein, M.D., FACS, FICS, FAAS 
Diplomate American Board of Surgery 

| Formerly Assistant Clinical Professor of Surgery 

| UCLA Medical School, Los Angeles, California 





| Atteadin3 Surgeon 
Cedars Sinai Medical Center, Los Angeles, California 


A. COMPLETELY NEW BOOK! 


This remarkable atlas delineates new tension- 
free approaches to all hernia repairs and is 
complete with over 125 full page illustrations 

| which clearly detail each step of the described 

{| procedures. The author’s series consists of 6,321 

{| consecutive herniorrhaphies, 91% of which 

|| were folowed-up from 2-14 years with a 0.7% 

‘|| recurrence rate. A striking combination of pre- 

f| cise sext.and accurate drawings describe oper- 

| ative techniques which surgically reconstruct 
stronger-than-normal inguinal and abdominal 
wall anatomy. These methods minimize post- 
operativ2 morbidity and can mainly be per- 
formed on an ambulatory basis. 

k Fig. 98 

$ Price U.S. $85.00 Plug Repair of Recurrent Direct 

g | Pages: 252 Inguinal Hernias 

| Illustrations: Over 125 full page 

| Publication Date: 1986 

ISBN: 0-912791-30-6 








ALL BOOKS SENT ON 15-DAY APPROVAL BASIS* 
FOR IMMEDIATE SERVICE, PLEASE CALL COLLECT 1-314-432-1933* 


ORDER YOUR COPY TODAY! 










Ishiyaku EuroAmerica, Inc., Publishers 
11559 Rock Island Court 


Maryland Heights (St. Louis), Missouri 63043 *(In U.S. and Canada) 
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Fortaz is a regissered trademark of Glaxo Inc. 
**Cefobid is a reqstered trademark of Pfizer Inc 
Claforan is a recis®red trademark of Roussel-Uclaf 


Copyright © 1987 by Merck & Co, Ini + Cefizox is a regstered trademark of Fujisawa SmithKline Corporation 
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against the B. fragilis group? 





Fa the 


== facts ih 
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Mefoxin ~ 
Cefoxitin Sodium | MSD 









The Bacteroides fragilis group includes B. fragilis, B. distasonis, B. ovatus, 
B. thetaiotaomicron, B. vulgatus. 

The percentages displayed are a weighted average of the susceptibilities 
reported for these organisms at an MIC breakpoint of 16 mcg/mL 

by the Antibiotic MIC Susceptibility Reports, National Summary, in 

The Bacteriologic Report: Volume | 1986, Totowa, NJ, BAC-DATA” Medical 
Information Systems, Inc. This average was weighted by the frequency 

of isolation of each organism. 


NOTE: /n vitro activity does not necessarily imply in vivo effectiveness. 


MEFOXIN is contraindicated in patients who have shown 
hypersensitivity to cefoxitin and the cephalosporin group of 
antibiotics. 


MEFOXIN is not active in vitro against most strains of 
Pseudomonas aeruginosa and enterococci (e.g., Streptococcus 
faecalis) and many strains of Enterobacter cloacae. 
Methicillin-resistant staphylococci are almost uniformly resistant 
to MEFOXIN. 








S ; 
For a Brief Summary of Prescribing Information, please see following page. DOHME 
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Indications and Usage: Teaireni—Ser 





icus infections caused by susceptible strains of the 


= designated microorganisms in the following diseases: 


LOWER RESPIRATORY TRACT INFECTIONS, including pneumonia and lung abscess, caused by 
Streptococcus pneumoniae (for Diplocaceus pneumoniae), other streptococci (excluding 
enterococci, eg. Strep. faecal cus aureus (penicillinase and non-penicillinase 
producing), Escherichia coli, Ki species, Hemophilus influenzae, and Bacteroides 


species. 
GENITOURINARY INFECTIONS. Urinary tract infections caused by £. coli, Klebsiella species, 
Proteus mirabilis, indole-positive Profeus (i.e., P morganii, P rettgeri, and P wigar and 
Providencia species. Uneomplicated gonorthea due to Neisseria gonorrhoeae (penicillinase 
and non-penicillinase preducing). 

INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra-abdominal abscess, caused by 


ý E coli, Klebsiella species, Bacteroides species including the B. fragilis group,§ and Clostridium 
Species. 
GYNECOLOGICAL INFECTIONS, including endometritis, pelvic cellulitis, and pelvic inflamma- 


tory disease, caused by E colli, N. goroerhoeae (penicillinase and non-penicillinase producing), 
Bacteroides species including the ilis Croup.§ Clostridium species, Peptococcus species, 
reptococcus species, and group’B streptococci. 
SEPTICEMIA caused by Strep. pneumoniae [formerly D. pneumoniae), e ora (penicil- 
linase and non-penicillinase producing), E. coli, Klebsiella species, and Bacteroides species 
including the B. fragilis group.§ 
BONE AND JOINT INFECTIONS caused by Staph. aureus (penicillinase and non-penicillinase 
r 


p ; 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (penicillinase and non- 
penicillinase producing), Staph. epičmmidis, streptococci (excluding enterococci, e.g., Strep. 
faecalis), E. coli, P mirabilis, Klebsiella species, Bacteroides species including the B. fragilis 
group,§ Clostridium species, species, and Pepfostrepiococcus species. 
Although appropriate culture and susceptib lity studies should be performed, therapy may be 
started while awaiting these results. Cetoxitin is not active in vitro against most strains of Pseu- 
domonas aeruginosa andenterocoeci {e.g., Strep. faecalis) and many strains of Enterobacter cio- 
acae. Methicillin-resistant staphylococei are almost uniformly resistant to cefoxitin. 
Contraindications: Previous hypersensitivity to cefoxitin and the cephalosporin group of anti- 


biotics. , 
ect ge BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DE- 
TERMINE PREVIOUS HY 


OUS HYPERSENSITIVITY REACTIONS TO CEFOXITIN, CEPHALOSPORINS, 
PENICILLINS, OR OTHER DRUGS. GIVE WITH CAUTION TO PENICILLIN-SENSITIVE PATIENTS. 
ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEM- 
ONSTRATED SOME FORM OF AL_EAGY, PARTICULARLY TO DRUGS. IF AN ALLERGIC REAC- 
TION TO CEFOXITIN OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 
Pseudomembranouscolitis, trom mild to life-threatening in severity, has been re- 
ported with virtually all antibiotics (including ae therefore, itis im- 
portant to consider its diagnosis when diarrhea develops in association with 
antibiotic use. Br rum antibiotics alter normal flora of colon and may permit over- 
growth of clostridia; a toxin produced by Clostridium difficile is a primary cause of antibiotic- 
associated colitis. Mild cases may r ‘0 drug discontinuance alone; in more severe cases, 
lent May include sigmoidoscopy, appropriate bacteriological studies, fluid, electrolyte 
and protein ap ementation, and Jse ef a drug such as oral i a isolation of the patient 
may be advisable. Other causes o! calitis should also be considered. 
Precautions: Genera/— Total daiy dese should be reduced in patients with reduced urinary out- 
put due to renal insufficiency because-high and prolonged serum antibiotic concentrations can 
occur from usual doses. Prescribe with caution in patients with a history of gastrointestinal dis- 
ease, ory Colitis. Prolonged use may result in overgrowth of nonsusceptible organisms; 
ps uation of the patient's cendition is essential. If superinfection occurs, take appropri- 
measures. 
Drug Interactions—Increased nephrotoxicity has been reported following concomitant adminis- 
tration of cephalosporins and amineglycos de antibiotics. 
ey st Interactions—High concentrations (>100 meg/mL) may interfere with 
measurement of serum and urine creatinine levels by the Jaffé reaction and produce false in- 
creases of modest degree in creatinine levels rep Frat Bet a: should not be analyzed for 
creatinine if withdrawn within 2 hours of cefoxitin administration. High concentrations may inter- 
fere with measurement of urinary ny oariwoskeroids by the Porter-Silber reaction and 
produce false increases of modes! T.i ir levets reported. A false-positive reaction for glucose 
in urine has been observed with CLINITEST I! reagent tablets. 
Carcinogenesis, Mutagenesis, Fertility Impairment—No long-term animal study has been per- 
formed on carcinogenic or mutagenic potential. Rat studies at approximately three times maxi- 
mum recommended human dosage revealed no effects on fertility or mating ability. 
Pregnancy wor Ht B—Reprocuction studies in rats and mice did not reveal teratogenic or fetal 
toxic effects, although fetal weights were slightly decreased. In rabbits, cefoxitin was associated 
with a high incidence of abortionand maternal death, neither considered teratogenic, There are, 
however, no adequate and well-controlled studies in pregnant women. Because animal reproduc- 
tion studies are not always predictive of human response, this drug should be used during preg- 
nancy only if clearly needed. i | . 
Nursing Mothers—Excreted in human milk: Exercise caution. 
Pediatric Use—Satety and efficacy in infants trom birth to three months have not yet been estab- 
lished. In children threemonths andoider, higher doses have been associated with increased inci- 
dence of eosinophilia and elevated SOT 
Adverse Reactions: The mostcommon adverse reactions have been local reactions following 
intravenous or intramuscular injection. Other adverse reactions have been encountered infre- 
quently, Local Reactions—Thrombophlebitis with intravenous administration; pain, induration, 
and tenderness after intramusouiar injections. Allergic Reactions—Rash (including exfoliative 
dermatitis), pruritus, eosinophilia, fever, and other allergic reactions including anaphylaxis. Car- 
’—Hypotension. Gastrombestina/—Diarthea, including documented seudomembra- 
jos colitis rh or after p pek grani nausea and vanen . BI aa e lg 
eukopenia including granu ia, ia, anemia, including hemolytic anemia, 
thr sh ia, and bone maarow depression. A positive direct Coombs test may develop in 
some individuals, especially those with azotemia. Liver Function—Transient elevations in SGOT, 
SGPT, serum LDH, andserumaikaline pho se. Renal Function—Elevations in serum creati- 
nine and/or blood urea nitrogen levels and, rarely, acute renal failure. 
Note: in croup A bete-hemolytic streptococcal infections, therapy should be maintained for at 
least 10 days to guard against the risk of rheumatic fever or glomerulonephritis. In staphylococcal 
and other infections involving a collection of pus, surgical drainage should be carried out where 
indicated. Intramuscular injections should be well within the body of a relatively large muscle 
Such as the upper outer quadrani of the a pci gluteus maximus); aspiration is ryperd to 
avoid i t injection into a blood . The total daily dosage in infants and children 
should not exceed 12 grams. 
How Supplied: Sterile cefoxitin sedium in vials and infusion bottles containing 1 gram or 2 
gra oxitin equivalent and in Sgan bulk bottles, and in ADD-Vantage®* vials containing 1 
gram or 2 grams cefoxitin equiva 
§ B. fragilis". dislasonis, B. ovatus, E thetaictaomicron, B. vulgatus M 5 D 
istered trademark af Ames Company, Division of Miles Laboratories. Inc eb Neh A 


*Registerec trademark o Abbott Laboratories, Inc. ER K 
For more detailed information, consult your MSD Representative HA - 

or nl ea | Information.Merck Sharp & Dohme, Fè 
Division of Merck & Co., INC., West Poirt, JOMF4QR (122) HM 
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When your patients 


need sexual counseling, 


are you prepared 
to help them? 


Here’s how fo find out... 


Sexual Problems in 
Medical Practice 


An easy-to-use clinical guide 
that helps you recognize and 
treat your patients’ sexual problems. 


If you have ever questioned your preparedness to 
diagnose and treat your patients’ sexual difficulties—or 
if you have had little background in counseling—this AMA 
publication will help you understand your patients’ con- 
cerns and assure appropriate therapy. 


Defining your role 


A key issue addressed is how you as a physician should 
deal with sexual problems within the scope of your 
practice. The book describes six levels of possible inter- 
vention: evaluator-inquirer, sex educator, sex counselor, 
marital therapist, psychotherapist, and sex therapist. With 
this information, you can better determine at what level 


Half Price 
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Book & Pamphlet Fulfillment OP-120 
American Medical Association 

P.O. Box 10946 

Chicago, IL 60610 


YES, please send me SEXUAL PROBLEMS IN MEDICAL PRACTICE., 
OP-120 

Copies* (@ $24.00 per copy 

(Medical Students, $12) RCA N 

Less 10% discount, AMA members only... . . 
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Published by the 
American Medical Association 


of irtervention you feel competent and emotionally 
comtotable. 


The bcok discusses methods of progression from simple 
recognition of a problem, through providing information 
about “he problem, to actual counseling and therapy. 


Written by leading authorities 

Sexua Problems in Medical Practice contains 27 chapters 
organized into three sections: Basic Information, Clinical 
Aspec’s, and Management Considerations. Each chapter 
is writen by a noted authority in the field of human 
sexuality. Harold |. Lief, M.D. is Editor-in-Chief. 


Order your copy today! 





Enclos=d is my check, payable to the American Medical Association, 
i, eee EN, 

Payment must accompany order. Please allow 4 to 5 weeks for delivery. 
Prices subject to change without notice 

“For delivery charges on 5 or more books or information on quantity 
discounts, call the AMA Order Department collect at (312) 280-7168. 
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An intraoperative autotransfusion system 
that makes autologous transfusion 
a reality for you. 





The BRAT™ System from Kardiothor™ Conceived 
and developed from the clinical experiences of a 
leading medical research center. Proven in thou- 

sands of procedures. 

A system that gives you what you demand: 
Speed. Fast processing. Rapid turnaround of 
RBCs when the unexpected happens. Safety. 

Unique built-in air detector to protect your 

patient. Ease of use. Designed for the busy 

O.R. No special operator required. 

But we haven't stopped there. We've 

built a Program. Encompassing: Educa- 

tional support. Planning. Staff train- 

ing. Technical and clinical consulta- 

tion. A Program to help you make 
+ autologous blood recovery a real- 
ity in your hospital. 


BRAT from Kardiothor™ 


Baylor Rapid Autologous Transfusion System 


FOR THE LATEST FACTS ON AUTOLOGOUS TRANSFUSION, CALL 


1-800-622-BRAT’ 


In Texas call 713-363-9334 





*In 1886, John Duncan performed 
the first transfusion directly from 
the anoratiue field 
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e TPN, VIVONEX’ T.E.N. is truly 
to positive nitrogen balance. 








in a controlled study of 20 major abdominal surgery patients on either TPN or 
VIVONEX T.E.N., the change in mean nitrogen balance was as follows’: 
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(TOTALENTERAL at a fraction 
ae NUTRITION) of the cost. 


1. Bower RH, Talamini MA, Sax HC 

et al: Postoperative enteral vs parenteral 

nutrition: A randomized controlled trial. 

Arch Surg 1986; 121: 1040-1045 © 1986 NEPI 


512 


way 
PN results. 


å s$ . a + 2 é 7 iS 
“niir Te SITEN sae ` 
T- ToS ) 4 

g x t ‘fs r Pe r d 
ETS n RE. per... A 
oa Si ie at Fs - ie : 
FOTA 2 ~~ = am id 
2 3 es - 


E ote. 215 —— 3. i 
BS an Tia Sekt Sock ei LTA i sei 





we JOAN SMLTH 
um _ FCC =~ /0 


eo 


The benefits of 
TPN, enterally... 


Norwich Eaton Pharmaceuticals, Inc 
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CHANGE THE FACE OF PAIN 





The following is a brief summary enly. Before 

bey see complete prescribing information in 

E CONTRAINDICATIONS: TYLOX capsules should not be 
a? 





administered to patients wno have previously exhibited 
hypersensitivity to any component 
WARNINGS: TYLOX capsules contain sodium metabisultite, 
E a sulfite that may cause allergic-type reactions (e.g, hives 
A- itching, wheezing, anaphylax's) in certain susceptible 
- persons. Although the overall prevalence of sulfite sensitivity 
k in the general populaticn is probably low, it is seen more 
[s frequently in asthmatics or in atopic nonasthmatic persons 
i PRECAUTIONS: General: Head Injury and Increased 
e Intracranial Pressure: The resoiratory depressant etfects of 
: narcotics and their capacity to elevate cerebrospinal fluid 
pressuremay be markedly exaggerated in the presence of 
head injury, other intracranial esiors: or a pre-existing 
increase in intracranial pressure Furthermore, narcotics 
produce adverse reactions which may obscure the clinical 
course of patients with head injuries. Acute Abdominal 
Conditions: The administration of TYLOX capsules er other 
narcoticsmay obscure the diagnosis or clinical course in 
patients with acute abdominal concitions 
E, Special Risk Patients: TYLOX capsules should be given with 
\ caution to certain patierts such as the elgerly or debilitated, 
and those with severe impairment of hepatic or renal 
function, hypothyroidism, Addison's disease, and prostatic 
hypertrophy or urethral stricture 
i Information for Patients: Oxycodene may impair the 
mental and/or physical abilities required for the perfermance 
of potentially hazardous tasks such as driving a car or 
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operating machinery. The patient using TYLOX capsules 
should be cautioned accordingly 

Drug Interactions: Patients receiving other narcotic 
analgesics, antipsychotics, anti-anxiety agens, ar other 
CNS depressants, including alcohol, concomitantly with 
TYLOX capsules, may exhibit additive CNS depression due 
to the oxycodone component. When such combed 
therapy is contemplated, the dose of one or both.agents 
should be reduced. The use of MAO inhibitors o! tricyclic 
antidepressants with oxycodone preparations may increase 
the effect of either the antidepressant or oxycodcne. The 
concurrent use of anticholinergics with oxycocor2 may 
produce paralytic ileus 

Usage in Pregnancy: Pregnancy Category C Animal 
reproductive studies have not been conducted veth 
TYLOX. It is also not known whether TYLOX can cause 
fetal harm when administered to a pregnant worran or 

can affect reproductive capacity. TYLOX showd sot be 
given to a pregnant woman unless in the judgement of the 
physician, the potential benefits outweigh the sossible 
hazards 

Nonteratogenic Effects: Use of narcotics during pregnancy 
may produce physical dependence in the neana= 

Labor and Delivery: As with all narcotics, adminstration of 
TYLOX to the mother shortly before delivery may sesult in 
some degree of respiratory depression in the nevaborn and 
the mother, especially if higher doses are usec 

Nursing Mothers: It is not known whether the components 
of this drug are excreted in human milk. Because nany 
drugs are excreted in human milk, caution shouldbe 
exercised when TYLOX is administered to a nursieg woman 





Pediatric Use: TYLOX capsules should not be agminis- 
tered to children. 

ADVERSE REACTIONS: The most frequently observed 
adverseweactions include lightheadedness, dizziness, 
sedation, nausea, and vomiting. These effects seem to be 
more preminent in ambulatory patients than in non-ambula- | 
tory patients, and some of these adverse reactions may be 
alleviated if the patient lies down. Other adverse reactions 
include allergic reactions, euphoria, dysphoria, constipation, 
skin rash, and pruritus. At higher doses oxycodone has 
most of the disadvantages of morphine including respiratory 
depression. 

DRUG ABUSE AND DEPENDENCE: TYLOX capsules 

are a Schedule || controlled substance. Oxycodone can 
produce-drug dependence of the morphine type and, 
therefore, has the potential for being abused. Psychic 
dependence, physical dependence, and tolerance may 
develop upon repeated administration of TYLOX capsules, 
and they’should be prescribed and administered with the 
same degree of caution appropriate to the use of other oral 
narcotic-containing medications. 

Full directions for use should be read before administer- 
ing or prescribing. 

For information on symptoms and treatment of overdos- 
age, seefull prescribing information. 9/19/86 
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TO THE FACE OF RELIEF 











TYLOXC.. 


(OXYCODONE & 
ACETAMINOPHEN) 


THE POTENCY OF PERCODAN™ 
WITHOUT ASPIRIN 


*Percodan is 3 registered trademark of DuPont Pharmaceuticals. 
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petter Than AMINOSIYCOSIU 3 
For Most Patients 
Gram-negative coverage of an aminoglycoside plus.. 
Gram-positive coverage of cefazolin plus... 
Anaerobic coverage of clindamycin o1 metronidazole plus 
Enterococcal coverage of ampicillin plus... 
Tolerability profile characteristic of beta-lactam antibiotics 


WHEN TREATMENT CAN'T WAIT 


IN 


(hnipenem-Cilastatin Sodium|MSD) 


THE BROADEST SPECTRUM 
ANTIBIOTIC EVER 


In vitro susceptibility does not necessarily imply in vivo effectiveness. 


for indicated organisms at indicated sites 





Achromobacter spp. 
Acinetobacter spp. 
Actinomyces spp 
Aeromonas hydrophila 
Alcaligenes spp. 
Bacteroides spp., 
including 
B. asaccharolyticus 
B. bivius 
B. disiens 
B. distasonis 
B. fragilis 
B. i: a 
B. ovatus 
B. thetaiotaomicron 
B. vulgatus 
Bordetella bronchiseptice 
Campylobacter spp 
Citrobacter spp. 
Clostridium spp., 
including 
C. perfringens 
Enterobacter spp. 
Escherichia coli 
Eubacterium spp. 
Fusobacterium spp. 
Gardnerella vaginalis 
Haemophilus influenzae 
Haemophilus 
parainfluenzae 
Hafnia spp., including 
H. alvei 
Klebsiella spp., inclucing 
K. oxytoca 
K. pneumoniae 
Listeria monocytogenes 
Moraxella spp. 
Morganella morganii 
Neisseria gonorrhoeae 
(PCNase +) 
Nocardia spp. 
Pasteurella multocida 
Peptococcus spp. 
Peptostreptococcus spp 
Plesiomonas shige!loides 
Propionibacterium spp., 
including P acnes 
Proteus mirabilis 
Proteus vulgaris 
Providencia rettgeri 
Providencia stuarti: 
Pseudomonas aeruginosa 
Salmonella spp. 
Serratia spp., including 
S. liquefaciens 
S. marcescens 
Shigella spp. 
Staphylococcus aureus 
(PCNase +) 
Staphylococcus epider- 
midis 
(PCNase +) 
Streptococcus spp , 
including 
Group A streptococci 
(S. pyogenes) 
Group B streptococci 
(S. agalactiae) 
Group C streptococci 
Group G streptococci 


Group D streptococci, 


including entero- 
cocci (S. faecalis) 
Streptococcus 
pneumoniae 
Viridans streptococci 
Veillonella spp. 
Yersinia spp., including 
Y. enterocolitica 


Y. pseudotuberculosis 


Contraindications: PRIMAXIN is contraindicated in patients whe have 
shown hypersensitivity to any component of this product. 


Warnings: SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY 
(anaphylactic) REACTIONS HAVE BEEN REPORTED IN PATIENTS 
RECEIVING THERAPY WITH BETA LACTAMS. THESE REACTIONS ARE 
MORE APT TO OCCUR IN PERSONS WITH A HISTORY OF SENSITIVITY 
TO MULTIPLE ALLERGENS. 


THERE HAVE BEEN REPORTS OF PATIENTS WITH A HISTORY OF PENI- 
CILLIN HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE 
HYPERSENSITIVITY REACTIONS WHEN TREATED WITH ANOTHER 
BETA LACTAM. BEFORE INITIATING THERAPY WITH PRIMAXIN, CARE- 
FUL INQUIRY SHOULD BE MADE CONCERNING PREVIOUS HYPERSEN- 
SITIVITY REACTIONS TO PENICILLINS, CEPHALOSPORINS, OTHER 
BETA LACTAMS, AND OTHER ALLERGENS. IF AN ALLERGIC REACTION 
TO PRIMAXIN OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPER- 
SENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER 
EMERGENCY MEASURES. 


Pseudomembranous colitis has been reported with virtually all anti- 
biotics, including PRIMAXIN; therefore it is important to consider its 
diagnosis in patients who develop diarrhea in association with antibiotic 
use. This colitis may range in severity from mild to life threatening. 


Mild cases of pseudomembranous colitis may respond to drug discontin- 
uance alone. In more severe cases, management may include sig- 
moidoscopy, appropriate bacteriological studies, fluid, electrolyte, and 
protein supplementation, and the use of a drug such as oral vancomycin, 
as indicated. Isolation of the patient may be advisable. Other causes of 
colitis should also be considered. 


Precautions: Genera/—CNS adverse experiences such as myoclonic 
activity, confusional states, or seizures have been reported with 
PRIMAXIN. These experiences have occurred most commonly in 
patients with CNS disorders (e.g., brain lesions or history of seizures) 
who also have compromised renal function. However, there were rare 
reports in which there was no recognized or documented underlying CNS 
disorder. Close adherence to recommended dosage schedules is urged 
especially in patients with known factors that predispose to seizures. 
Anticonvulsant therapy should be continued in patients with a known sei- 
zure disorder. If focal tremors, myoclonus, or seizures occur, patients 
should be placed on anticonvulsant therapy. If CNS symptoms continue, 
the dosage of PRIMAXIN should be decreased or discontinued. 


As with other antibiotics, prolonged use of PRIMAXIN may result in over- 
growth of nonsusceptible organisms. Repeated evaluation of the 
patient's condition is essential. If superinfection occurs during therapy, 
appropriate measures should be taken. While PRIMAXIN possesses the 
characteristic low toxicity of the beta-lactam group of antibiotics, periodic 
assessment of organ system function during prolonged therapy is advis- 
able. 


Drug Interactions—Since concomitant administration of PRIMAXIN and 
probenecid results in only minimal increases in plasma levels of imi- 
penem and plasma half-life, it is not recommended that probenecid be 
given with PRIMAXIN. 


PRIMAXIN should not be mixed with or physically added to other anti- 
biotics. However, PRIMAXIN may be administered concomitantly with 
other antibiotics, such as aminoglycosides. 


Carcinogenesis, Mutagenesis, Impairment of Fertility—Gene toxicity 
studies were performed in a variety of bacterial and mammalian tests in 
vivo and in vitro. The tests were: V79 mammalian cell mutation assay 
(PRIMAXIN alone and imipenem alone), Ames test (cilastatin sodium 
alone), unscheduled DNA synthesis assay (PRIMAXIN), and io vivo 
mouse cytogenicity test (PRIMAXIN). None of these tests showed any 
evidence of genetic damage. 


Reproduction tests in male and female rats were performed with 
PRIMAXIN at dosage levels up to 8 times the usual human dose. Slight 
decreases in live fetal body weight were restricted to the highest dosage 
level. No other adverse effects were observed on fertility, reproductive 
performance, fetal viability, growth, or postnatal development of pups. 
Similarly, no adverse effects on the fetus or on lactation were observed 
wren PRIMAXIN was administered to rats late in gestation. 


Pregnancy—Pregnancy Category C: Teratogenicity studies with cilastatin 
sodium in rabbits and rats at 10 and 33 times the usual human dose, 
respectively, showed no evidence of adverse effect on the fetus. No evi- 
dence of teratogenicity or adverse effect on postnatal growth or behavior 
was Observed in rats given imipenem at dosage levels up to 30 times the 
usual human dose. Similarly, no evidence of adverse effect on the fetus 
was observed in teratology studies in rabbits with imipenem at dosage 
levels at the usual human dose. 


Teratology studies with PRIMAXIN at doses up to 11 times the usual 


human dose in pregnant mice and rats during the period of major organ- 
ogenesis revealed no evidence of teratogenicity. 


Data from preliminary studies Suggest an apparent intolerance to 
PRIMAXIN (including emesis, inappetence, body weight loss, diarrhea, 
and death) at doses equivalent to the average human dose in pregnant 
rabbits and cynomolgus monkeys that is not seen in nonpregnant ani- 
mals in these or other species. In other studies, PRIMAXIN was well tol- 
erated in equivalent or higher doses (up to 11 times the average human 
dose) in pregnant rats and mice. Further studies are under way to evalu- 
ate these findings. 


There are, however, no adequate and well-controlled studies in pregnant 
women. PRIMAXIN should be used only if the potential benefit justifies 
the potential risk to the fetus. 


Nursing Mothers—tt is not known whether this drug is excreted in 
human milk. Because many drugs are excreted in human milk, caution 
should be exercised when PRIMAXIN is administered to a nursing 
woman. 


Pediatric Use—Safety and effectiveness in infants and children below 12 
years of age have not yet been established. 


Adverse Reactions: PRIMAXIN is generally well tolerated. Many of the 
1,723 patients treated in clinical trials were severely ill and had multiple 
background diseases and physiological impairments, making it difficult 
to determine causal relationship of adverse experiences to therapy with 
PRIMAXIN. 


Local Adverse Reactions—Local adverse clinical reactions that were 
reported as possibly, probably, or definitely related to therapy with 
PRIMAXIN were: phlebitis/thrombophlebitis (3.1%), pain at the injection 
site (0.7%), erythema at the injection site (0.4%), vein induration 
(0.2%), infused vein infection (0.1%). 


Systemic Adverse Reactions—The most frequently reported systemic 
adverse Clinical reactions that were reported as possibly, probably, or def- 
initely related to PRIMAXIN were: nausea (2.0%), diarrhea (1.8%), vom- 
iting (1.5%), rash (0.9%), fever (0.5%), hypotension (0.4%), seizures 
(0.4%) (see PRECAUTIONS), dizziness (0.3%), pruritus (0.3%), urti- 
caria (0.2%), somnolence (0.2%). 


Additional adverse systemic clinical reactions reported as possibly, prob- 
ably, or definitely drug related occurring in less than 0.2% of the patients 
or reported since the drug was marketed are listed within each body 
system in order of decreasing severity: Gastrointestina/—pseudo- 
membranous colitis (see WARNINGS), hemorrhagic colitis, gastro- 
enteritis, abdominal pain, glossitis, tongue papillar hypertrophy, 
heartburn, pharyngeal pain, increased salivation; CVS—encephalopathy, 
tremor, confusion, myoclonus, paresthesia, vertigo, headache; Special 
Senses—transient hearing loss in patients with impaired hearing, tin- 
nitus; Respiratory—chest discomfort, dyspnea, hyperventilation, tho- 
racic spine pain; Cardiovascular—palpitations, tachycardia; Rena/— 
oliguna/anuria, polyuria; Skin—erythema multiforme, facial edema, 
flushing, cyanosis, hyperhidrosis, skin texture changes, candidiasis, 
pruritus vulvae; Body as a Whole—polyarthralgia, asthenia/weakness. 


Adverse Laboratory Changes—Adverse laboratory changes without 
regard to drug relationship that were reported during clinical trials or 
reported since the drug was marketed were: Hepatic—increased SGPT, 
SGOT. alkaline phosphatase, bilirubin, and LDH; Hemic—increased 
eosinophils, positive Coombs Test, decreased WBC and neutrophils, 
including agranulocytosis, increased WBC, increased platelets, 
decreased platelets, decreased hemoglobin and hematocrit, increased 
monocytes, abnormal prothrombin time, increased lymphocytes, 
increased basophils; Electrolytes—decreased serum sodium, increased 
potassium, increased chloride; Rena/—increased BUN, creatinine; Uri- 
nalysis—presence of urine protein, urine red blood cells, urine white 
blood cells, urine casts, urine bilirubin, and urine urobilinogen. 


NOTE: Due to the high antimicrobial activity of PRIMAXIN, it is recom- 
mended that the maximum total daily dosage not exceed 50 mg/kg/day 
or 4.0 g/day, whichever is lower. 


How Supplied: PRIMAXIN is supplied as a sterile powder mixture in 
vials, infusion bottles, and single-dose ADD-Vantage"+ vials containing 
imipenem anhydrous and cilastatin sodium as follows: 250 mg imipenem 
equivalent and 250 mg cilastatin equivalent; 500 mg imipenem equivalent 
and 500 mg cilastatin equivalent. 


Caution: The suspension from vials is not for direct infusion. 


"Registered trademark of Abbott Laboratories, Inc. M S D 
For more detailed information, consult your a 
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Pap ers Read Before the 94th Annual Meeting 
of the Western Surgical Association, Dearborn, Mich, 


Nov 16 to Nov 19, 1986— Part | 


Humor and the Surgeon 


Presidential Address 


R. Dale Liechty, MD 


hope my surgeon is a Republican,” joked President 

Reagan on his way to the operating room. Americans 
will never forget the President’s wistful one-liner, as his 
surgeons prepared to mend the wounds from the assassin’s 
bullet. His \augh-in-the-face-of-death humor helped soothe 
a nation of anxious citizens and drew them closer to their 
wounded ecmmander in chief. Under the delightful guise of 
humor, he sent out a message of courage to the world. 

What is this thing we call humor? Is it just another 
incidental personality trait, like a particular style of speech 
or dress or body language? Is it merely a list of puns, jokes, 
or lampoons? Or does it have deeper roots, philosophic 
roots? 

For centuries, students of humor, including many physi- 
cians and surgeons, have sought the answers to these 
questions. Incidentally, one of these students, George W. 
Crile, Sr, MD, was a member of this association.’ From their 
writings we learn much about humor; about its history, 
values, pathology, and healing potential; about its connec- 
tion to tragedy and our ability to develop humor within 
ourselves. I believe a consensus of these authorities would 
describe humor as one of the great moving forces in the 
human personality. They would agree with Mindness*”” 
that: “Like love, courage and understanding, humor is one 
of the attributes that can sustain us through the worst.” 


THEORIES OF HUMOR 


Among the 200 theories or subtheories of humor, three 
have survived to gain the most adherents. Espoused by 
Plato, Aristotle, Hobbs, and Bergson, the “derision” theory 
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has its basis in human’s readiness to laugh at the defects or 
misfortunes of others. In fact, the humor of antiquity was so 
malicious that some historians likened it to a dagger. In the 
fifth century BC, however, the ancient Greek dramatists 
took the first steps in converting the dagger to a quill, 
“dripping with poison at first, then diluted and infused with 
delightfully lyrical and fanciful ingredients.” 

Like the civilizing of humans, the civilizing of humor 
began with small steps. We all know, however, that the 
poison still drips, as evidenced by a book review, ending in 
biting sature, that went something like this: “This book is 
not to be lightly cast aside; it should be thrown away with all 
one’s might.” 

The “incongruity” theory, advocated by Kant, Schapen- 
hauer, Spencer, and many others, emphasizes the impor- 
tance of a sudden surprise, shock, conflict of ideas, or 
incongruity that triggers laughter. Kant saw laughter as 
“an affection arising from the sudden transformation of a 
strained expectation into nothing.”* As an example, when 
President Reagan was dedicating a highway project in New 
Jersey, he was asked why his controversial secretary ef the 
interior, James Watt, was not at the ceremony. The Presi- 
dent explained that Watt would have been present had he 
not been on assignment strip-mining the Rose Garden 
(Time, Oct 17, 1983, p 10). 

Finally, the “liberation” or “freedom” theory, advoeated 
by Freud, Mindness, and Niebuhr, explains the laughter 
response as a release from constraints and fears, from the 
many pressures, including death itself, that face us. Some 
examples help illustrate the liberation theory: 

When Yogi Berra was asked how he would pitch to Ted 
Williams, then the most feared batter in professional base- 
ball, he answered: “low, inside, fast . . . and from behind.” 

At his 90th birthday party, George Burns said, “I’ve lived 
an exciting life, and I expect the second half to be just as 
exciting” (Time, Jan 13, 1986). 

In diplomatic relations, also, humor can have a liberating 
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role. Thirty-five years ago, Ralph Bunche, the renowned 
diplomat, spoke to my undergraduate college. He said, in 
effect, that international negotiations could be immensely 
aided by the personality of the negotiators; that how a 
diplomat conveyed his message was as important to the final 
outcome as the message itself and that a tactful use of 
humor could relieve tensions on both sides of the table, thus 
freeing the negotiators to proceed. 

Because it explains so much about this powerful yet 
ephemeral thing we call humor, the liberation theory has 
become the current favorite. 


VALUES IN HUMOR 


Whatever its origins, humor is enjoyable. We delight in 
those people who can laugh at the incongruities in them- 
selves or in the world about them. They lighten the dreary 
times. For example, during William Buckley’s tongue-in- 
cheek campaign fer mayor of New York City some years 
ago, a reporter asked Buckley what his first act would be if 
elected. He replied, “Pd demand a recount.” Behind the 
pure lightheartedness of such humor, scholars see deeper 
values, elemental, pervasive, and powerful. These are some 
of their comments: 

W. H. Auden (poet): “A satisfactory human life is possible 
only if proper respeet is paid to all three worlds (Work, 
Worship, and Laughter). 

James Thurber (author): “I like to think of humor as one 
of our greatest and earliest national resources that must be 
preserved at all costs.” 

Harvey Mindness (psychologist, author of Liberation 
and Laughter): “Humor is without a doubt one of our most 
valuable faculties” 

Victor Frankl (psychiatrist, concentration camp pris- 
oner): “Humor more than anything else in the human 
makeup affords an aloofness and an ability to rise above any 
situation, even if only for a few seconds!”® 

Mark McCormack (international businessman, author of 
What They Don’t Teach You at Harvard Business School): 
“Laughter is the most potent, constructive force for diffus- 
ing business tensions. If you can point out what is humorous 
or absurd about a situation or confrontation and can diffuse 
the tension by getting the other person to share your 
feelings you will be guaranteed the upper hand. There are 
few absolutes in business. This is one of them, and I’ve never 
seen it fail.” ™®™® 

Reinhold Niebuhr (theologian): “Humor is more pro- 
found than any philosophy that seeks to explain life’s 
incongruities by reason alone.” 

Will Durant (historian): “Humor is based on perspective 
which is the secret of philosophy.” 

William Osler (physician, author): “Good humor . . . helps 
enormously both in the study and practice of medicine.” 

To all of these thinkers, humor has deep and vital roots 
within the human psyche. 


THE PHYSIOLOGY AND PATHOLOGY OF HUMOR 


Despite its many varieties, “humor can be simply defined 
as a type of stimulation that tends to elicit the laughter 
reflex.” A motor reflex characterized by the coordinated 
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contraction of 15 facial muscles and altered breathing, 
spontaneous laughter ranges from the faint smile to the 
belly laugh. The laughter reflex differs, however, from the 
simpler reflexes in one basic way. The humor stimuli are 
often complex, such as enjoying a subtle Thurber carica- 
ture, but the response is always a simple and predictable 
physiological reaction. As the Encyclopedia Brittanica 
puts it: “Humor is the only form of communication in whicha 
stimulus on a high level of complexity produces a stereo- 
typed, predictable response on the physiological reflex 
level.” 

Black‘ has summarized in detail these physiological proc- 
esses that make up laughter. As we learned early in medical 
school, all basic human functions have their own set of 
dysfunctions. Laughter is no exception. Six neurologic 
diseases are associated with inappropriate laughter: multi- 
ple sclerosis, amyotrophic lateral sclerosis, Alzheimer’s 
disease, pseudobulbar palsy, Wilson’s disease, and kuru.” 
Limited to the highlands of New Guinea, kuru is a viral 
disease of brain tissue, transmitted by cannibalism.” Gaj- 
dusek was awarded a Nobel Prize for his work with this 
“slow” virus. Called the “laughing death” and invariably 
fatal, kuru, along with cannibalism, is disappearing. 

Some laughing disorders have no apparent organic cause. 
For example, in 1962, physicians from Tanzania” reported 
an epidemic of uncontrollable laughter that involved 95 of 
159 girls in a teen-age boarding school. The disruptive spells 
of laughter and crying forced the school to close. When the 
school reopened two months later, the laughing spells 
immediately reeurred, affecting 57 girls; again the school 
was closed. A search for viral or toxic causes proved 
fruitless. Ultimately diagnosed as mass hysteria, the epi- 
demic finally died out.” 

Fortunately, these pathologic causes of laughter are rare. 
Despite an increasing fund of epidemiologic and pathologic 
data, researchers still have found no definite site for a 
“laughing center” in the human brain. The neurological 
center for humor, like the center for the soul, remains 
obscure.* 


HUMOR AND HEALING 


McCormack” tells the story of an ailing Ford Motor 
Company in the 1960s. The top management was meeting to 
consider closing more plants to save money, as advised by 
the “bean counters,” the accountants. In the midst of this 
gloom, Charlie Beacham, a salty Ford veteran, rose to Say: 
“Why don’t we close all the plants, then we'll really start to 
save money.” His remarks replaced gloom with laughter, 
and the healing began. Shortly after this meeting, the 
successful Mustang was introduced, and Beacham became 
president of Ford Motor Company. 

Throughout history, physicians have accorded a benefi- 
cial effect to joy and mirth. For example, Henri de Mond- 
ville, the famous medieval surgeon, said: “Let the surgeon 
take care to regulate the whole regimen of the patient’s life 
for joy and happiness. The surgeon must forbid anger, 
hatred and sadness in the patient. Remind him that the - 
body grows fat from joy, thin from sadness.”™ 
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In Avatcmy of Melancholy, Burton” saw a similar benefit 
from hamor: 


I request you to be merry; if anything trouble your hearts or vex 
your souls. . . let it pass. And this I enjoin you, not as a divine but 
as a physician: for without this mirth, which is the life and 
quintessence of physic, medicines and whatsoever is used and 
applied to prelong the life of man, is dull, dead and of no force. 


Most would agree that humor can ease the healing 
process, whether in business or medicine, but can humor by 
itself cure a serious, life-threatening disease? 

In his widely read Anatomy of an Illness, Norman 
Cousins“ relates the central role of laughter in his recovery 
from 2 hopeless collagen disease. Decreased erythrocyte 
sedimentation rates following the laughing episodes added 
objectivity to his belief in the healing powers of humor. 
Nevertheless, as Cousins admits, it remains just a single 
case report. 

Continuing his quest for more scientific data on the 
curative aspects of humor, Cousins” has found that laughing 
sessions have increased the number of immune cells-by 50%. 
Whatever we think of his research, we have to respect the 
giant intellect behind this search for new truths. 


THE HUMOR-SADNESS CONNECTION 


Students of humor unanimously agree that sadness, and 
even tragedy, underlie true humor. Sabatini opens his 
Scaramouche with the unforgettable: “He was bern with 
the gift of laughter and a sense that the world was mad.” 
Other notable writers have echoed this paradoxical humor- 
sadness connection: 

“If I laugh at any mortal thing, ’tis that I may not 
weep.’—Lerd Byron®®™™® 

“I laugh because I must not weep, that is all, that is all.” 
—Abraham Lincoln*®*» 

“Everything human is pathetic. The secret source of 
humor is not joy but sorrow.” —Mark Twain*®*” 

“T know not what may be coming, but I go to it laugh- 
ing.” —Herman Melville 
This theme also has strongly influenced mođern-day 
humorists. In an interview with Woody Allen, Time (April 
30, 1979, p 68) called him a “comic genius” with “his own 
misery, sincere and lifelong.” 


My real obsessions are religious . . . with the meaning of life and 
with the futility of obtaining immortality through art. You have to 
deny the reality of death to go on every day. Even with all the 
distractions of my work and my life, I spend a lot of time with my 
own mortality. 


In another interview (Denver Post, Nov 25, 1985), Allen 
gives the same subject a twist of humor: “If a man lived 
forever, can you image what his meat bill would be like?” 

From Charlie Chaplin to M.A.S.H. to Miss Piggy, we find 
this humer-sadness link. In The Last Convertible, Antoine 
Myerer” neatly sums it up: “True humor is always brushed 
by sadness.” Although this special attribute lifts humor toa 
higher order, far above jokes and puns, it does not sanctify 
it. At its best, humor can ease many of life’s incongruities, 
but not the ultimate ones. Niebuhr? reminds us that 
laughter has its limits “when dealing with the fina! problem 
[the carirrationalities] of human existence.” Although we 
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try, we cannot laugh at death, not when it is close to us. But, 
“to meet the disappointments and frustrations of life. . . 
with laughter, is a high form of wisdom.” 


DEVELOPING A SENSE OF HUMOR 


Whatever their background, writers on humor emphasize 
the importance of the big view, the “God’s-eye view,” of 
balance and perspective as the basis for humor. This pan- 
oramic view of the universe began with mesons, pions, and 
quarks and ends with the universe itself, expanding at the 
speed of light into infinity. To add to this mind-stretching 
view, astrophysicists tell us that the expanding universe 
can reverse itself, ie, that it can collapse to the size of a 
single neutron. Thus, there is mystery at both ends of the 
spectrum, from the infinitesimally small to the infinite, and 
human life exists somewhere between these ineffable op- 
posites. 

But what good is it, after all, to think about these cosmic 
things that we can neither fully comprehend nor alter, even 
in the slightest? Author Steven Weinberg (National Geo- 
graphic, June 1983, p 706) gives us a thought-provoking 
answer: “Efforts to understand the universe are one of the 
very few things that lifts human life a little above the level of 
farce and gives it some of the grace of tragedy.” This “grace 
of tragedy,” the godchild of perspective, helps us deal with 
the daily inconsistencies and lessens life’s little in- 
congruities. It provides the background for true humor, the 
humor of a Mark Twain or a Woody Allen. 

Along with perspective, the nurturing of humor requires 
us to put aside our vanities, biases, and pretensions and 
assume a humorous outlook. Eastman” describes this proc- 
ess as being “in fun.” Mindness’ says: “We must be willing to 
regress, to renew our playful spirits. To see life as a game no 
one ever wins, but a game we do not have to win becamse the 
fun is in the playing, an attitude we need to cherish.” 

These writers understand that people have serious re- 
sponsibilities. They, of course, do not suggest that we 
continually revert to childish ways, only that we, from time 
to time, see the humorous elements in human existence, 
especially those we cannot change. Eastman” makes the 
point that every child is born with the gift of laughter, but 
life tends to steal it away in bits and pieces. He maintains 
that we can be deadly serious about our work, yet sustain 
within ourselves that precious human faculty that allows us 
to laugh. 

Reflecting the wisdom of American humorists, an 85- 
year-old woman from the hill country of Kentucky tells how 
she would preserve this gift: 

If I had to live my life over, I would dare to make more mistakes 
next time. I would relax, I would limber up. I would be sillier than I 
have been this trip. I would take fewer things seriously. I would 
take more chances. I would climb more mountains and swim more 
rivers. I would eat more ice cream and less beans. I would perhaps 
have more actual troubles, but I would have fewer imaginary ones. 

You see, I am one of those people who live sensibly and sanely 
hour after hour, day after day. Oh I have had my moments, and if I 
had it to do over again, I would have more of them. In fact, I would 
try to have nothing else. Just moments one after another, instead of 
living so many years ahead of each day. I have been one of those 
persons who never goes anywhere without a thermometer, a hot 
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water bottle, a raincoat, and a parachute. If I had to do it again, I 
would travel lighter than I have.” 


COMMENT 


From ancient Greece to the present, historians have 
awarded humor a unique role in human existence. Parallel- 
ing the civilizing of our world, humor has evolved from “a 
dagger dripping with poison” to become “one of man’s most 
valuable faculties.” In simplest forms, this faculty helps us 
to deal with lifes day-to-day incongruities and irra- 
tionalities. Humor, a powerful social lubricant, can cool 
down life’s frictions when they threaten to overheat. For 
this remarkable quality alone, humor has earned its trib- 
utes as a “national treasure” and an “absolute,” as “an 
attribute that can help us through the worst.” 

My “consultants” for this address would remind us that 
humor is an innate but fragile part of human life and that 
this sometimes scary world can erode it. To hold onto the 
gift of laughter, we must develop two faculties. The first is 


perspective, knowing that we exist somewhere between the 
tiniest and the infinite mysteries. Perspective is indeed the 
secret of philosophy. 

The second is a humorous outlook, that special faculty 
based on perspective that senses, as Sabatini did, that “the 
world is mad.” But it also understands those human vanities 
and pretensions that have made it that way. It tells us, from 
time to time at least, to stand back and smile or laugh at 
them. 

Waat does humor have to do with surgeons or, specifi- 
cally. with our association? Simply this: From my perspec- 
tive, a decade as a committee member and officer of the 
Western Surgical Association, what I treasure most in this 
assoelation is the sense of purpose and the camaraderie, and 
the ebundant good humor that has enriched both. 

In elosing, I again quote from America’s beloved 
humorist: “I have been told that Wagner’s music is better 
than it sounds,” said Mark Twain.” I only hope that you can 
afford these remarks a similar forebearance. 
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ARCHIVES OF NEUROLOGY 


Benefits of Rehabilitation for Traumatic Spinal Cord Injury: Multivariate Analysis in 711 


Patients 


Gary M. Yarkony, MD; Elliot J. Roth, MD; Allen W. Heinemann, PhD; Yeongchi Wu, MD; Richard T. Katz, 


MD; Linda Lovell 


The functional outcomes of 711 patients with traumatic spinal cord injuries who were admitted to a 


rehabilitation hospital during an eight-year period were studied The modified Barthel index, a 100-point scale, 
was used to assess ability to perform self-care and mobility sk lls at rehabilitation admission and discharge. 
There were statistically significant improvements in self-care and mobility subscores of the modified Barthel 
index. Mean total modified Barthel index scores increased from 13.8 at admission to 46.1 at discharge for 
patients with quadriplegia, and from 37.7 to 74.4 for patients with paraplegia. Functional gains made by 
patients with incomplete spinal lesions were greater than those made by patients with complete lesions. This 
study documents improvement in ability to perform self-care end mobility skills among patients with spinal 
cord injuries who participate in comprehensive rehabilitation (Arch Neurol 1987;44:93-96). 
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Impact of a Trauma System on Outcome 
of Severely Injured Patients 


Steven R. Shackford, MD; Robert C. Mackersie, MD; David B. Hoyt, MD; William G. Baxt, MD; 
A. Brent Eastman, MD; Fred N. Hammill, MD; F. Barry Knotts, MD; Richard W. Virgilio, MD 


è We examined the impact of a trauma system on the 
survival of patients with a Trauma Score of 8 or less. We 
compared the observed survival with that predicted using a 
methodtthat calculates the probability of survival (P,) based on 
age, physiologic score, and anatomic severity of injury. Of 
3394 patients triaged to trauma centers in a 12-month period, 
283 (8.2%) had a Trauma Score of 8 or less. Sufficient data were 
availabie in 189 patients with blunt trauma to make the survival 
comparison. The P, was 18%; the observed survival was 29%. 
Of 60 patients with penetrating trauma and complete data, the 
P, was 8%; the observed survival was 20%. We attribute the 
improved survival to the integration of prehospital and hospi- 
tal care and expeditious surgery. 

(Arch Surg 1987;122:523-527) 


rauma systems have been shown to decrease the num- 

ber of preventable deaths due to trauma.’* Most studies 
addressing this issue have examined the effect of region- 
alization of care on the whole group of patients triaged to 
trauma centers. Due to the inability to identify major 
trauma victims correctly in the field, a major proportion of 
these patients have relatively minor injuries’® and-would be 
expected to survive. The improvement in mortality is, 
therefore, skewed and the results of such studies are open 
to criticism. The real efficacy of a “systems” approach to 
trauma care can be most accurately measured by ‘ts impact 
on improving the outcome of the most severely injured 
patients. During the first year in which trauma care was 
regionalized in San Diego County, we examined the effect of 
our system on the outcome of trauma patients with a 
Trauma Score (TS)° of 8 or less. 


MATERIALS AND METHODS 


Trauma care was regionalized in San Diego County in August 
1984. The trauma system consists of five adult trauma centers (one 
Level I and four Level II as defined by the American College of 
Surgeons‘) and one pediatric trauma center. All adult trauma 
centers have board-certified surgeons in-house 24 hours a day. 
Ground transport of accident victims is provided by paramedics or 
emergency medical technicians. Aeromedical transport is pro- 
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vided by rotocraft staffed by teams of either a nurse and a 
paramedic or a physician and a nurse. Trauma victims are triaged 
to trauma centers on the basis of physiologic score (either CRAMS 
(circulation, respiration, abdomen, motor, and speech]* or TS), 
mechanism of injury suggesting significant energy transfer, or 
anatomic factors, such as penetration of the head or torso ormajor 
amputation. The TS was calculated by prehospital providers in the 
field and by the trauma surgeon on admission to the hospital. In 
such situations the TS has been shown to have high interrater 
reliability.’ Data covering all phases of care were collected concur- 
rently for all patients and entered into a computerized detabase 
developed specifically for the trauma system. The Injury Severity 
Score (ISS)” was calculated for each patient at the fime of 
discharge. A postmortem examination was performed on all pa- 
tients who died as a result of traumatic injury, and the ISS was 
computed from the coroner’s report. All ISS scoring was done by 
the trauma nurse coordinator at the participating institution and 
reviewed by the trauma director. All of the coordinators attended a 
class in ISS scoring to ensure a high interrater reliability. In 
addition, the coordinators reviewed all of the scores monthly to 
ensure uniform scoring. 

The care given every patient treated by the system was reviewed 
coneurrently by a committee of physicians and nurses from trauma 
centers and nontrauma hospitals (Medical Audit Committee).” 
Judgments were made regarding the appropriateness and quality 
of care. All deaths were reviewed and a judgment was rendered as 
to whether the death was preventable, potentially prevertable, or 
unpreventable based on information contained in the hospital 
record and the coroner’s report. ™? 

To be eligible for entry into the subset studied, a patient had to 
have a TS of 8 or less either in the field or at the time of arrival at a 
trauma center. For purposes of data analysis, whenever the field 
and admission TS differed (indicating improvement or deteriora- 
tion), the lower score was selected. 

Survival analysis was performed with the Trauma Score and 
Injury Severity Score (TRISS) method,*” which used the TS, ISS, 
and patient age to determine the probability of survival (P,). Using 
these variables and a modifying coefficient that was based on the 
mechanism of injury, a P, for the group was calculated and 
compared with that of the index population (Major Trauma Out- 
come Study [MTOS)]).*” Even though the data for this study were 
collected in 1984 and 1985, the most recent coefficients“ were used. 
The recent coefficients have changed, reflecting an improvement in 
trauma care, that is, the P, for a given injury has increased with 
time. Patient match to the index population was achieved by use of 
the M statistic.” The difference between the observed and pre- 
dicted survival rate was determined by the methoeé of Flora” 
(Z statistic) and x’ contingency table analysis with Yates’ correc- 
tion. Comparisons of survivors with nonsurvivors were sought 
using Student’s ¢ test, with significance being attributed to a P 
value of less than .05. All values are expressed as mesn + SEM. 
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Table 1.—Total Population of Trauma Victims 
and Severely Injured Subset 












Total Severely 
Variable Population _Injured* 


No. (%) of patients 3394 283 (8.3) 


Sex, No. (%) 
F 889 (26.2) 60 (21.2) 
M 2505 (73.8) 223 (78.8) 
Age, y (mean + SEM) 28.5+0.3 31.8+0.9 
Injury Severity Score (mean + SEM) 15.1+0.3 49.1+1.3 
Survivors, No. (%) 3143 (92.6) 88 (31.1) 






















*Patients with a Trauma Score of 8 or less. 





Table 2.—Patients With Sufficient Data 
to Calculate Probability of Survival 






Injury 
Variable Blunt Penetrating 


No. of patients 189 60 
Age, y (mean + SEM) 30.1+0.9 34.2+1.0 


Trauma Score at admission (mean +SEM) 4.7+0.2 3.3+0.9 
Injury Severity Score (mean + SEM) 51.0+0.7 §1.8+1.3 















xX? (predicted vs observed) 5.94* 2.66 
Z statistic 5.01t 3.72f 
M statistic 0.87 0.95 





*P<.05. 
tP<.01. 


RESULTS 


Between Aug 1, 1984, and July 31, 1985, a total of 3394 
accident victims were triaged to trauma centers. Of this 
group, 283 (8.3%) were severely injured, as defined by a TS 
of 8 or less either in the field or on arrival at a trauma center 
(Table 1). 

Sufficient data were available to perform survival analy- 
sis in 249 patients (Table 2). Thirty-four patients were 
eliminated from the survival analysis because the mecha- 
nism of injury was unknown or it could not be definitely 
classified as either blunt or penetrating. The elimination of 
these patients decreased the overall observed survival rate 
from 31.1% (88/283) to 30.9% (77/249). Performing the 
survival analysis without the elimination of patients would 
have resulted in slightly better results. Both the blunt and 
the penetrating injury subgroups were well matched to the 
index population, as indicated by the M statistic. The 
observed survival rate was significantly greater than that 
predicted in the patients with blunt injury (P<.05; 
Z4=5.01, P<.01). The survival rate in the patients with 
penetrating injury was twice that expected and greater 
than 3 SDs above the mean expected survival in the index 
population (Z =3.72, P<.01). 

In an attempt to ascertain what factors may have contrib- 
uted to the improved survival, we examined various aspects 
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Table 3.—Comparison of Survivors and Nonsurvivors 
Variable Survivors Nonsurvivors 


No. of patients 88 195 


Ground ambulance transport 
No. of patients* 33 


Scene time, min (mean + SEM) 16.5+2.7 16.1+1.6 


Transport time, min (mean + SEM) 9.1+2.3 8.3+0.7 


Asromedical transport 
No. of patients* 


Scene time, min (mean + SEM) 
Transport time, min (mean + SEM) 


Prehospital intravenous line, 
No. (%) of patients 76 (86.4) 158 (81.0) 


Prehospital intubation, 

No. (%) of patients 57 (64.8) 103 (52.8) 
Age, y (mean+ SEM) 25.4+0.9 33.5+1.3t 
Trauma Score 6.4+0.2 3.6+0.2t 


Emergency surgeryt 






























22.6+3.3 
8.2+0.8 


17.1+2.8 
9.1+1.9 















No. (%) of patients 31 (35.2) 73 (37.4) 
Time to surgery, min (mean+SEM)§ 68.4+6.2 35.5+4.9t 
Type of surgery, No. of patients 
Laparotomy 23 39 
Thoracotomy 6 20 
Craniotomy 6 38 
Simultaneous procedures 4 24 
Injury Severity Score 33.6+1.9 58.1+1.4+ 


*Five survivors and 23 nonsurvivors either walked in or arrived by private 
automobile or police car. 

tP<.001 vs survivors. 

Surgery performed within three hours for a potentially life-threatening 
injury. 

§ Interval between admission and initiation of surgery. 


of care during the prehospital and initial hospital phases to 
see if there were any differences between survivors and 
nonsurvivors (Table 3). Survivors were younger, had less 
physiologic derangement (as indicated by a higher TS), and 
were less severely injured (as indicated by a lower ISS). 
There was no significant difference between survivors and 
nonsurvivors with respect to the field scene time, transport 
time to the hospital, frequency of prehospital intravenous 
fluid administration, or frequency of prehospital intuba- 
tion. Scene times were generally longer in patients trans- 
ported by rotocraft because it was more frequently used in 
rural areas with difficult terrain requiring stretcher trans- 
port from the actual scene to the helicopter landing site. 
There was no significant difference between the groups in 
the incidence of immediate or urgent surgery (Table 3). The 
time from admission to operation was signficantly shorter 
in nonsurvivors (P<.01). None of the deaths was believed to 
be preventable after review by the Medical Audit Commit- 
tee. Generally, death was secondary to a lethal head injury 
or a combination of injuries that was thought, after review 
of the hospital record and the autopsy report, to be unsur- 
vivable. These findings were reflected in the TS and ISS. 
The prehospital and early hospital care of 26 of the 
survivors treated at the Level I trauma center was reviewed 
to determine the major therapeutic intervention in each 
case (Fig 1). Emergency surgery for control of hemorrhage 
or removal of an intracranial hematoma occurred in 15 
patients (57.7%). Prehospital control of the airway and - 
hyperventilation with continued medical control of the 


Trauma System—Shackford et al 


@ Surgery 

G AW/ICP Control 

O Other 

E None Specific 
57.69% 


Fig 1.—Major interventions in 26 survivors treated at University of 
California, San Diego. Surgery indicates immediate or urgent 
surgery, performed within three hours; AW/ICP Control, airway and 
intracranial pressure control by medical means; Other, tube thor- 
acostomy for decompression of tension pneumothorax or ag- 
gressive volume replacement for noncavitary hemorrhage; and 
None Specific, no single major intervention. 





Table 4.—Duration of Intensive Care Unit (ICU) and Hospital 
Stay in Survivors and Nonsurvivors 














Survivors Nonsurvivors 


11.5+1.4 
28.7+3.3 


Variable 


ICU stay, d (mean + SEM) 
Hospital stay, d (mean + SEM) 


*P< 001. 










2.8+0.7* 


intracranial pressure in the early hospital phase occurred in 
six patients (23.1%). Other major interventions included 
needle thoracostomy for relief of tension pneumothorax and 
aggressive volume resuscitation for noncavitary hemor- 
rhage (ie, pelvic fracture). 

The average length of stay for survivors was four weeks, 
with 30% to 50% of the hospitalization spent in the intensive 
care unit (Table 4). The length of stay of nonsurvivors was 
significantly shorter than that of survivors. The nonsur- 
vivors tended to die early in their hospital course, with only 
five (2.6%) requiring a hospitalization of longer than ten 
days (Table 4). 

Of the survivors, 19 (21.6%) were discharged home at 
their preinjury functional status (Fig 2). Fifty (56.8%) were 
considered to be temporarily handicapped (primarily due to 
wounds or cast immobilizers) and were discharged either 
home or to a rehabilitation center. Nineteen (21.6%) were 
considered to be permanently handicapped and were dis- 
charged to either a rehabilitation center or a chronic care 
facility. 


COMMENT 


In 1966 the National Research Council described major 
deficiencies existing in the care of accident victims.” Nu- 
merous studies have subsequently documented that 20% to 
20% of trauma deaths are preventable.“ The creation of 
trauma systems and regionalization of trauma care were 
recommended as the solution to improving the care of 
critically injured patients.‘ Implicit in this recommendation 
was that systems and regionalization of care would result in 
a decrease in the preventable death rate. This has now been 
demonstrated to occur in those regions with trauma sys- 
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Fig 2.—Functional outcome of 88 survivors. 


tems in which the incidence of preventable trauma deaths 
was studied prior to and after implementation of a system.” 
Since most of the patients treated by a trauma system have 
relatively minor injuries (ISS, <14) and slight physiclogic 
derangement (TS, >12), the analysis concerning the re- 
duction in overall mortality is open to criticism. This is 
because the data are skewed by the large number of patients 
with minor injuries who are expected to survive with a 
minimum amount of treatment. The real efficacy of the 
systems approach to trauma care can be most accurately 
assessed by its impact on the mortality of patients with 
severe injuries and major physiologic derangement who 
would be expected to die without rapid and aggressive 
treatment. We, therefore, examined the effect of region- 
alization of trauma care on the outcome of patients witha TS 
of 8 or less and compared the results with aggregate data 
from a large number of hospitals currently treating trauma 
victims (MTOS)."* The MTOS, which began in 1983, is 
ongoing. Data covering all aspects of care have been submit- 
ted from 51 participating trauma centers nationwide on over 
24000 trauma patients. 

Use of the TRISS methodology*” and comparison of the 
results with those of the MTOS have been advocated for use 
in a trauma center quality assurance program.”” A positive 
Z statistic is indicative of performance on a level with, or 
better than, the national standard for hospitals treating 
trauma victims. The application of the method to an analy- 
sis of system performance is a logical derivative. We se- 
lected the most recent data and used the mast recent 
coefficients from the MTOS so that the comparison would 
not be a historical one. 

The TRISS method can be misleading when it is used in 
conjunction with the Flora” equation. If a trauma care 
system performed slightly better than average end a large 
number of patients from such a system are subjected to 
analysis, it will appear that the performance of that system 
is several SDs better than the mean. In addition, in such a 
population, the entrance of a few severely injured patients 
can severely skew the data in either a positive or a negative 
direction, depending on their outcome. This creates an 
artificial analysis of the system’s performance. Conversely, 
if the method is used to study a group of patients who are all 
severely injured, the uniformity of the population will lead 
to a much more accurate analysis of their care. This is why 
only patients with a TS of 8 or less were included in this 
study. 
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Our results indicate that a systems approach to trauma 
care results im significantly better survival of severely 
injured trauma patients. Of those 249 patients witha TS of 8 
or less and sufficient data to perform the analysis, there was 
a significantly better survival rate than expected. Of this 
group, 40 were expected to survive, but 67 did survive. 

Of the total group with a TS of 8 or less (N = 283), there 
were 88 survivors. Of the survivors, 69 (78.4%) were 
returned to their preinjury functional status or were con- 
sidered to be temporarily handicapped, while only 19 
(21.6%) were considered to be permanently handicapped. 

There has been concern that more aggressive prehospital 
and early hospital care will result in an increase in vege- 
tative early survivors who will eventually die after a long 
and costly hospitalization. That was not the case in this 
study, in which there were only five nonsurvivors (2.6%) 
with a hospitalization longer than ten days. The average 
hospitalization of all nonsurvivors was only three days. 
Furthermore, the aggressive resuscitation of patients with 
lethal head injuries resulted in major organ donation in 26 
(13.3%) of the nonsurvivors. 

Deaths were due to lethal head injuries or to a lethal 
combination of injuries rather than to failure to provide 
optimal care. The failure to recognize the severity of injury 
and initiate treatment has been cited as the primary cause 
of preventable death after injury.“ This failure often occurs 
because the trauma patient has no established priority for 
the use of hospital resources, resulting in needless delays 





anc eventual death due to hemorrhage or intracranial 
hematoma.“ Delays did not appear to contribute to mor- 
tali-y in this study, as there were no differences in scene or 
tramsport times between survivors and nonsurvivors. Non- 
sur~ivors received the maximum of surgical intervention in 
an interval significantly shorter than that of survivors. 

Early surgical treatment is the single most frequently 
needed intervention in severely injured patients. This find- 
ing 3upports the dedication of an immediately available, 
fully staffed operating room to the care of trauma patients 
at al. times. The ability to control intracranial pressure by 
med:cal means in the field, during transport, and in the 
initial hospital phase was also frequently used. This sug- 
gests that the training of prehospital providers in the 
control of the airway may be important in improving sur- 
vival 

On the basis of these data, we believe that trauma 
systems significantly improve the outcome of severely 
injured patients. We attribute this to the integration of 
prehcspital and early hospital care and to expeditious 
operation made possible by having a surgeon in the hospital 
andam operating room immediately available 24 hours a day. 
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Divisiona of Emergency Medical Services, San Diego County Department of 
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Discussion 


ROBERT J. BAKER, MD, Chicago: This article has extreme 
importance to those ef us who are interested in trauma care 
systems. I have just had the interesting experience in Chicago of 
helping to establish, by legislative ordinance, a Level I trauma 
center system. The pclitical and economic ramifications far ex- 
ceeded what is usually encountered, and the full impact is just now 
being assessed. Nevertheless, the improvement in trauma care 
more than compensates for the problems generated. 

This report's importance, therefore, is that it adds to the 
growing body of information that documents the effectiveness, and 
hence the need, for Level I trauma centers throughout the country. 
Even the most recalcitrant governmental or hospital governance 
organizations have now had to accept the notion that Level I 
trauma care is here, and it is the only way to really provide quality 
care to the types of patients that were discussed earlier in this 
meeting. 

When a system such as this is established, however, the excluded 
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institutior s will question the design criteria, indeed the very fabric 
of the plen, and at this particularly crucial time in hospital 
economics. and because of the pressures that are put on hospitals to 
keep theirpatient volume up, we have found in our community—we 
have 108 hespitals—that about a half dozen are going to resort toa 
variety of tactics to see that they are designated Level I, de- 
servedly o> otherwise. 

I think that much of what was said, both in the body of this report 
and in the response to a couple of questions I would like to pose, is 
most imporant in terms of allowing us to fend off those institutions 
that are Incapable of providing consistent Level I trauma care. 

What population base is served by each Level I trauma center? 
How did you arrive at the appropriate number of patients per 
center? You have five centers that you described, and interestingly 
the average number of severely injured patients, those with an ISS 
of less than 3, per week is about one. I think you averaged about 57 
per year, raking me wonder if that is really enough to keep a 
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system well tuned and to maintain the personnel interested in such 
a system. You see a greater deal of trauma that is not purely Level 
I, ie, not of this severity of injury, but as you have already peinted 
out, patients who are not so severely injured survive anyway. 

I want to congratulate you not only on the fine presentation but 
on the concepts that you have forwarded because I think they will 
be important to all of us who are committed to such a system. 

ROBERT J. FREEARK, MD, Maywood, Ill: Trauma centers with- 
out systems are, in my opinion, a waste of time and money and a 
great deal of aggravation. I think the city government of San Diego 
deserves.a lot of credit for establishing an excellent system. They 
hired an outside consulting firm to assess the quality of trauma 
care in the San Diego County area. This kind of external audit 
confirmed the fact with incontrovertible evidence that it was 
grossly deficient, and armed with that kind of information they 
established a trauma care system. 

Shackford et al have emphasized that key to the system are the 
designation of trauma centers and the staffing of those with board- 
certified surgeons in-house at all times. 

They also emphasized that it is more than just designating 
trauma centers and having surgeons in them, it includes care at the 
scene, transportation, communication with the hospital, and insis- 
tence that certain recognized standards in all of these areas are 
met. But most important, the local government instituted a 
mechanism by which all of these components would be monitored, 
and the resultant before and after statistics issuing from San 
Diego, I think, are absolutely spectacular. 

In this study of the 8% that we have said are going to be the 
severely injured and need a Level I center, I would remind you that 
none of the deaths was considered preventable. Most studies in the 
rest of our big cities have shown that somewhere between 20% and 
30% of trauma deaths are, in fact, preventable. There were no 
delays that could be identified in surgical intervention in any of 
these severely injured patients. That cannot be said about any 
other city that I am aware of in this country. 

We have had trauma centers for 20 years. With the exception of 
maybe one state, Maryland, and a few municipalities like San 
Diego, we do not have a good system in very many cities in this 
country. 

I hope in his discussion Dr Shackford will tell us about the 
various individuals, health professionals, if you will, and other 
disciplines that are involved in their system and the conyponents of 
it and what he considers to be the essential components of making 
it work. 

JERRY M. SHucK, MD, Cleveland: Shackford et al have pre- 
sented a remarkable report assessing the lifesaving benefits of 
their trauma center to the people of San Diego. Their major 
accomplishment, as said before, may have been overcoming many 
of the problems relating to the inertia (and politics) in establishing 
sucha system in any community in these times of intense hospital 
competition and the “we’re number one” institutional mentality. 

Having developed a system, they have then agreed on treatment 
protecols and methods of evaluation. Data were compared on 
severely injured patients (the only ones worth studying) with an 
index population for control, matched by the M statistic. The 
Z statistic was then determined to compare outcomes. Their 
observed survival was significantly higher than predicted survival. 
If this were not the case, the abstract would never have been 
submitted in the first place. 

One wonders if many so-called trauma centers do worse than 
predicted—however, such data will never see the light of a projec- 
tor. 

Impressive, also, is their statement: “none of the deaths in the 
NS group was felt to be preventable.” 

Tell us more about the Medical Audit Committee that does the 
review, and you might even add if you chair it or not. 

Studies such as this one, the Orange County (Florida) Study, and 
the Vermont review clearly document the saving of lives. 

In addition, the presentation of financial considerations and 
donor acquisition make this report especially valuabie and timely. 

BasiL A. Pruitt, JR, MD, Fort Sam Houston, Tex: I suggest 
that there are other possible reasons for the observed differences. 
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It seems to me that one could have improved survival by systemati- 
cally overestimating injury severity and I would like to know how 
you controlled for that potentially confounding feature? Since the 
severity of the response to injury is time related, we also need to 
know the temporal relationship of the ISS assessment and the time 
of injury to evaluate the comparability of the assessments with 
regard to the anticipated magnitude of physiologie response. If 
injury severity was assayed at variable times after injury, its 
reliability as a predictor of outcome might well be compromised. 

ANNE M. LEDGERWOOD, MD, Detroit: What was the cost per 24 
hours for the board-certified general surgeon in the hospital? 

Dr SHACKFORD: There were 283 severely injured patients 
during the year. That is a little more than five patients per week, 
about one patient per trauma center per week. The University of 
California at San Diego gets a large share of trauma cases. For 
example, in the first year there were roughly 3300 trauma patients 
in San Diego County and about 1300 of those came to the university. 
These 3300 major trauma patients came from a population base in 
San Diego County of 2.2 million people. 

The trauma centers are distributed based on the incidence of 
trauma within the various geographic locales as described by the 
Amherst Study as mentioned by Dr Freeark. 

I sympathize with you and realize that the political structure in 
Chicago is much more complex than it is in San Diego. We were 
fortuitous to have a number of military surgeons in San Diego who 
were aware of what the standard of care should be for trauma 
victims. The media got interested and that really started the ball 
rolling. It is difficult to educate politicians unless they begin to see 
it on television. 

Dr Freeark, the San Diego involvement with trauma began with 
the media. The media attracted the attention of the politicians and 
the county department of health. The Amherst Study was spon- 
sored by the 33 acute care hospitals in San Diego County. The study 
showed that severe deficiencies existed in trauma care. The county 
department of health really had no other choice but to step in and to 
designate hospitals as trauma centers. 

What makes our system successful? A lot of times surgeons do 
want to take all the credit, but it is clearly not the case—it starts 
with the training of the paramedics, emergency medica! techni- 
cians, and the public in how to access the system, and, finally, 
continued education of our politicians because they are continually 
under attack. The thing we are trying to deal with is “cvertriage” 
within our system. About 22% of the trauma patients go home 
within 24 hours. 

Dr Shuck, the Medical Audit Committee is, in fact, chaired by 
me. | co-chair it with another one of the trauma surgeons, but it 
really is not a self-serving committee. This committee consists of 
members from nondesignated and designated facilities. The mem- 
bers have access to all the patient records. It is really a conjoint 
opinion, if you will, as to whether deaths are preventable. This 
Medical Audit Committee has been visited by eutside consultants 
on two occasions, and on both occasions they have found us to be 
overly critical of ourselves. In cases that we are calling potentially 
salvageable or frankly preventable, they said that they would not 
have made those judgments. The medical records and the coroner’s 
reports are reviewed by surgeons, trauma nurse coordinators, 
emergency physicians, anesthesiologists, orthopedic surgeons, 
and internists. 

Dr Pruitt, you made a perceptive comment about the ISS. The 
ISS is scored by the trauma nurse coordinators. All of them have 
taken a course, an ISS scoring class, and each month each one of 
them reviews each other’s scores, and then they are discussed. We 
have found a high interrater reliability using that format. 

Dr Ledgerwood, the cost of keeping a surgeon in the house 
varies. It has decreased since designation of the facilities. The high 
was $2000 a night for 24 hours; it is significantly less than that. I 
think it is somewhere between $800 and $1000 for 24 hours in the 
hospital. The rationale behind giving that kind of money was that a 
surgeon being up all night would then be sacrificing his next clinic 
day and his next operating room day, so you are really trying to 
compensate for 48 hours. 
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Gastric Emptying and Small Bowel Transit 


of Solid Food After Pylorus-Preserving 


Pancreaticoduodenectomy 


Marco G. Patti, MD; Carlos A. Pellegrini, MD; Lawrence W. Way, MD 


e We examined the gastric emptying and small bowel transit 
of solid food in ten patients one to 45 months after pylorus- 
preserving pancreaticoduodenectomy. Gastric emptying and 
small bowel transit were measured by computer analysis of 
data from a scintillation camera using technetium Tc 99m- 
tagged chicken liver mixed with beef stew and were compared 
with the results in five control subjects. The nutritional status 
of the patients was also evaluated. Gastric emptying was 
normal in six patients, rapid in three patients, and delayed in 
one patient. Smal! bowel transit was normal in two patients, 
rapid in seven patients, and delayed in one patient. Most of the 
patients were asymptomatic, ate three meals a day, and gained 
weight after the operation. These findings show that after 
pylorus-preserving pancreaticoduodenectomy, most patients 
consume a regular diet and achieve an excellent nutritional 
status. Gastric emptying is normal, not slowed. Small bowel 
transit is faster than normal but is without clinical sequelae. 

(Arch Surg 1987 ;122:528-532) 


eight loss and malnutrition following the standard 

Whipple procedure are often caused by disturbances 
in gastric motility and emptying secondary to the gastric 
resection and vagotomy that are part of this operation. In 
1978, Traverso and Lengmire’ proposed that the entire 
stomach and proximal ducdenum be preserved in patients 
undergoing pancreaticoduodenectomy. It was thought that 
this modification would preserve the reservoir and mixing 
functions of the stomach, that gastric emptying would 
remain normal, and that postgastrectomy problems would 
be avoided. 

Some have raised questions, however, about the validity 
of this assumption. For example, Warshaw and Torchiana’ 
found that patients who had pylorus-preserving pancreat- 
icoduodenectomy (PPPD) frequently required prolonged 
nasogastric intubation and were unable to tolerate a reg- 
ular diet as soon as one might have expected. They at- 
tributed this phenomenon to slow gastric emptying. Gas- 
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troparesis was also reported to be common following this 
operation in the experience of the Lahey Clinic, Burlington, 
Mass.*° 

Since this modification of the original Whipple procedure 
preserved the entire stomach and its innervation intact, we 
were puzzled by these reports. We wondered whether gas- 
troparesis was really a problem, and if so, whether it was 
temporary or permanent. We were also interested in know- 
ing whether intestinal motility was normal and how the 
patients nutritional status and overall quality of life were 
related to gastric and intestinal motility. Therefore, this 
study was performed to characterize the immediate and late 
effects of PPPD on gastrointestinal motility and nutrition. 


PATIENTS AND METHODS 
Patients 


Ten pacients who had undergone PPPD one to 45 months before 
the study agreed to participate. There were six men and four 
women with a mean age of 60 years (range, 38 to 70 years). The 
indications for the operation were as follows: chronic pancreatitis 
in two petients, bile duct cancer in two patients, cancer of the 
ampulla cf Vater in two patients, and cancer of the head of the 
pancreas in four patients. 

The re-urn of normal gastrointestinal function in the early 
postoperative period was estimated by the following: (1) the 
number of days of nasogastric suction, (2) the postoperative day at 
which liquid diet was started, (3) the postoperative day at which 
solid diet was started, and (4) the length of hospital stay. All 
patients were interviewed and examined by one of the authors as a 
part of this study. They were questioned about the following: their 
eating habits, the number and consistency of their bowel move- 
ments, the presence of any postprandial symptoms, the medica- 
tions they were taking, whether or not they had resumed their 
previous occupation, and how good they considered their quality of 
life. Their weight at the time of the interview was noted and 
compared with their preoperative and preillness weights. 


Gastric Emptying and 
Intestinal Transit 


The studies were performed in five controls who had no history 
of gastrointestinal dysfunction and in ten patients. The mean age 
of the control subjects was 39 years (range, 27 to 64 years). 
The subjects were instructed to fast after 9 pm on the day pre- 
ceding the test. At 8 am on the day of the test, they reported to the 
Nuclear Medicine Service, Veterans Administration Medical Cen- 
ter, San Francisco, for an interview. The scintigraphic study was 
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started at 9 am. A lead-lined plastic bottle top containing cotton 
wool soaked with 5 mCi (19 x 10’ kBq) of technetium Te 99m sulfur 
colloid was fixed to the skin of the umbilicus as a marker. The 
subject was then positioned in front of a large-field-of-view scin- 
tillation camera, and the marker was placed approximately at the 
center of the field. A test meal was given consisting of 213 g of beef 
stew (Nally Fine Foods, Tacoma, Wash) and 30 g of chicken liver. 
The meal was prepared using techniques we have previously 
described.*’ 

The meal was eaten over five minutes while the patient was 
standing. Images were acquired over one-minute periods at 15- 
minute intervals during the first three hours and then every 30 
minutes until radioactivity had reached the ascending and trans- 
verse colon. Identification of the colon was facilitated by replaying 
the scan records backward so the colon, which was well defined by 
the radionuclide in the last frame, could be located in earlier 
frames. 

The area of ithe stomach was outlined in each frame, and, using a 
computer (ADAC 1140), a time-activity curve was calculated for 
this area after correction for isotope decay. This curve reflects 
gastric emptying.®** Gastric emptying was considered abnormal if 
two or more points in the time-activity curve were more than 2 SDs 
from the mean of the control subjects or if more than 20% of the 
meal remained in the stomach after three hours. 

Small bowel transit time, defined as the time between the first 
appearance of radioactivity in the duodenum and the first appear- 
ance of activity in the cecum, was determined using the technique 
we have previously described.’ Small bowel transit time was 
considered rapid when it was shorter than 2 SDs from the control 
mean and delayed when it was longer than 2 SDs from the control 
mean. 

RESULTS 
immediate Postoperative Period 


The nasogastric tube was left in place an average of six 
days after the operation (range, four to ten days) A liquid 
diet was started an average of seven days after the opera- 
tion (range, five to 11 days), and a solid diet was started an 
average of nine days afterward (range, six to 15 days). The 
average length of hospitalization was 13.5 days (range, nine 
to 20 days). Nausea and vomiting developed in one patient 
whose operation had been performed for chronie alcoholic 
pancreatitis, and nasogastric suction was required for ten 
days. She was slowly advanced to a solid diet while in the 
hospital and was able to tolerate solid food without prob- 
lems on the day of discharge. Gastroparesis developed in 
another patient, treated for an ampullary malignant lesion, 
manifested by bloating and the need for reinsertion of a 
nasogastric tube. He was unable to take solid food for 15 
days after the operation, but thereafter eating returned to 
normal, and he eventually regained all the weight that he 
had lost during his illness. 


Late Postoperative Period 


Figure 1 summarizes the gastric emptying of solid food in 
the ten patients studied one to 45 months after PPPD. 
Gastric emptying was normal in six patients, rapid in three, 
and delayed in one. No correlation was found between the 
initial pestoperative course and the late gastric emptying 
pattern; for example, gastric emptying was rapid when 
studied 11 months afterward in the patient who initially had 
experienced prolonged ileus. 

Small bowel transit was 187 + 19 minutes (mean + SEM) in 
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Fig 1.—Gastric emptying of solid food in ten patients after pylorus- 
preserving pancreaticoduodenectomy. Shaded area represents 
mean + 2 SDs of control subjects. Patients were grouped together 
according to gastric emptying rate. In each group, line represents 
mean. Number of patients is given at end of eacn line. 


the controls and 132+ 11 minutes (mean + SEM) in the pa- 
tients. Small bowel transit was rapid in eight patients, 
normal in one, and delayed in one. The delayed transit was 
in the patient who had very slow gastric emptying. In two 
control subjects and four patients, the meal moved as a 
large bolus from one region to another, while in the remain- 
ing subjects it was distributed more uniformly throughout 
the intestine. No areas of stagnation were identified in 
either group. 

Hight patients were symptom free at the time of the 
study and had resumed all preoperative activities. Two 
patients had gastrointestinal symptoms. The first of these 
had been operated on four months before for chronic 
alcoholic pancreatitis and had. resumed drinking after the 
operation. He complained of epigastric pain, diarrhea, and 
steatorrhea despite treatment with pancreatic enzymes 
and had lost 20 kg since surgery. The second patient had 
been operated on five months before for pancreatic cancer. 
He complained of postprandial nausea, vomiting, bloating, 
and epigastric pain (Fig 2). 

Five patients required no medications. Five patients 
were taking pancreatic enzymes, two of them with the addi- 
tion of H2-blocking agents. One patient required insulin. 

Eight patients were eating three regular-sized meals a 
day. The two patients with gastrointestinal complaints were 
eating four to six small meals a day. Nine patients had two 
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Fig 2.—Gastric emptying of solid food in 38-year-old man after 
pylorus-preserving pancreaticoduodenectomy. Patient had been 
operated on five months earlier and complained of nausea, vomit- 
ing, and bloating. At exploration, he was found to have car- 


cinomatosis without gastric outlet obstruction. Shaded area repre- 


sents mean + 2 SDs of control subjects. 


formed bowel movements a day. Only one patient had 
diarrhea. 

At the time of the study the average weight of the ten 
patients was 94% of their preoperative weight (range, 83% 
to 103%) and 89% of their preillness weight (range, 76% to 
94%). When questioned about the quality of their life, eight 
patients considered it to be good to excellent, and only the 
two symptomatic patients said it was poor. 


COMMENT 
Gastric and Intestinal Motor Function 
in Early Postoperative Period 


These results show that the majority of patients who 
undergo a PPPD recover gastric and intestinal motor 
function as fast.as can be expected after an operation of this 
magnitude; in the few who have slow resumption of gastric 
or intestinal motor function, this problem is transient. The 
average patient should be eating a regular diet within a 
week or two, no later than would be expected after a 
standard Whipple procedure. In the experience of Grace 
et al,’ the patients who had PPPD resumed a normal postop- 
erative diet slightly sooner than did those who had standard 
Whipple procedures. 

Others have had a different experience, however. Com- 
paring the postoperative course of eight patients who had 
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PPPD with that of eight patients who had standard Whipple 
procedures, Warshaw and Torchiana? noted that the latter 
group was eating a regular diet at a mean of 9.8 days after 


operation but the former group did not do so until the 16th 


day after operation. Barium studies in the patients with 
PPPD showed an open pylorus and an unobstructed duo- 
denojejunal anastomosis. Slow recovery of gastric motor 
function has also been observed by the surgeons at the 
Lahey Clinic; 34% of their patients had gastroparesis for ten 
or more days.*° These reports led to recommendations that 
a gastrostomy tube be used routinely in conjunction with 
PPPD to help manage the expected early gastric stasis.” 

We observed delayed gastric emptying in just one patient 
shortly after surgery. The pylorus and duodenojejunos- 
tomy were patent on barium and endoscopic examinations, 
but he was unable to tolerate solid food for two weeks, 
although he handled jejunal feedings well. Gastric empty- 
ing was normal when he was studied two months postopera- 
tively. The other patient who required prolonged nasogas- 
tric intubation had a postoperative ileus manifested by 
persistent small bowel dilatation on plain films. She also 
recovered without sequelae. 

Why transient gastroparesis develops in an occasional 
patient following PPPD is not clear. Braasch et al” sug- 
gested that it may be related to damage to the nerves of 
Latarjet. The length of preserved duodenum or the effects 
of pancreatic inflammation may also play a role.” Although 
these explanations are unsupported by direct evidence and 
are not entirely convincing, no better alternatives have 
been put forward, and we can find no clues in our patients. 


Gastric Emptying and Intestinal Transit 
in Late Postoperative Period 


We objectively assessed gastric emptying of solid food in 
the late postoperative period using a radionuclide tech- 
nique." Gastric emptying was either normal or rapid in the 
majority of patients, even in those who earlier had required 
prolonged nasogastric suction. Flautner and colleagues” 
also studied the gastric emptying of solid food after PPPD 
and after standard Whipple operations. Emptying was 
rapid in the latter and normal in the former patients. In 
other reports,” gastric emptying of liquids and solids was 
found to be normal after PPPD. Thus, whether or not 
gastric emptying is impaired in the early postoperative 
period, complete recovery of gastric motor function is the 
rule after this operation. 

We had originally expected that the majority of patients 
would have rapid gastric emptying following this operation 
and were surprised to see that this was the case in only 
three of cur patients. Normally, the duodenum exerts an 
inhibitory effect on gastric emptying through its osmore- 
ceptors“ via neural” or hormonal pathways that involve at 
least secretin’ and cholecystokinin release.” Removal of 
the duodenum and its inhibitory influence with preserva- 
tion of an intact stomachshould theoretically accelerate the 
emptying rate. It seems unlikely that the very small portion 
of duodenum left would be enough to regulate gastric emp- 
tying, and one must assume that other factors play a role. 

Our only patient who had delayed gastric emptying in the 
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late posteperacive period (Fig 2) was found on reexploration 
to have carcinematosis (without gastric outlet obstruetion). 
He had had normal results of an upper gastrointestinal tract 
series and normal computed tomographic scans. The lesson 
here is that signs of delayed gastric emptying late after 
surgery call fr vigorous efforts to pinpoint a cause, for it 
cannot be attributed to functional changes resulting from 
the operatior. 

We studied small bowel transit with the same meal used 
to measure gastric emptying.’ The scintigraphic determina- 
tion of smal bowel transit time has been shown to be 
accurate by us and others.” Small bowel transit was faster 
in our patients compared with the control subjects. The 
explanation sorthis is unclear; it could be due to the loss of 
the duodenum or to the division of nerves resulting from 
removal of the duodenum and pancreas. The accelerated 
transit of feod through the small bowel did not cause 
symptoms o” interfere with nutrition. Absorption was not 
measured, but-clinically it did not seem to be impaired. 


Nutrition in Late Postoperative Period 


The majority of our patients were doing fine nutritionally. 
They were eating three regular-sized meals and had two or 
three formed bowel movements daily. Their average weight 
was about 90% of their preillness weight and 94% of their 


preoperative weight, similar to what others have found.* 
Eight of them were completely symptom free, had resumed 
their regular activity, and judged their quality of life as 
excellent. One of the two patients with symptoms had 
carcinomatosis, and the other was an alcoholic. 

These findings contrast with the serious nutritional 
deficits often associated with the standard Whipple proce- 
dure.” Partial removal of the stomach leads to rapid empty- 
ing with incomplete mixing of food with digestive juices, a 
situation sometimes aggravated by postvagotomy diarrhea. 
Without antrectomy, the storage and mixing functions of 
the stomach are preserved, and postgastrectomy dysfunc- 
tion is avoided. Although it has not yet been measured, 
small bowel transit is probably rapid after a standard 
Whipple procedure for the same reasons we found it to be 
rapid after PPPD. 

In conclusion, preservation of the pylorus appears to be a 
useful modification of the standard Whipple procedure. 
Disturbances of the gastric function are the exception 
rather than the rule. The majority of patients achieve good 
nutritional status and excellent quality of life. 
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Discussion 


Jon A. van HEERDEN, Rochester, Minn: From a historical 
standpoin’, I think it is worth pointing out that at our institution 
Dr Adson did a pylorus-preserving Whipple procedure in 1975, 
three years before the report by Traverso and Longmire,’ for a 
woman with ocalized pancreatitis. 

I think ~heauthors have clearly shown that this operation makes 
good physiologic sense, and I think their data are excellent. 

In a retrospective fashion, we have tried to compare our experi- 
ence with33pylorus-preserving Whipple procedures with roughly 
150 conventional Whipple procedures during the decade from 1975 
through 985. Although our numbers are very small, some factors 
are worth discussing. 

Our operative mortality rate for this group of patients was 
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slightly higher than for patients with the conventional Whipple 
procedure. Similarly, the operative morbidity was slightly higher 
for this group. The marginal ulcer rate was about the same as that 
for either total pancreatectomy or the conventional Whipple 
procedure. 

Have the authors compared their data with those from their 
conventional Whipple procedure series? 

I leave the authors with two questions: (1) Do the authors 
routinely add gastrostomy? In our series, 25% of our patients did 
have gastrostomy tubes placed, and we were not sure whether they 
did any good. (2) Do the authors believe that this operation should 
be done for all patients with benign and malignant lesions of the 
pancreas, or should it only be done for patients with pancreatitis or 
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ampullary and/or duodenal tumors? 

Davip L. NAHRWOLD, MD, Chicago: I congratulate the authors 
on this study. There are not many people who have taken the time 
and trouble to actually assess gastric emptying after the various 
gastric procedures and modifications of gastric procedures that we 
are doing. 

The primary difficulty that has been described by others is a 
delay in gastric emptying early after the pylorus-preserving 
operation. In this study, although the authors were careful to point 
out that their patients had minimal difficulties during the early 
postoperative period, their study of gastric emptying was done a 
mean of 15 months after the operation. I would like to ask the 
authors if they believe that there are patients who have delayed 
gastric emptying early on. 

Can you describe the test that you do? I know that you use 
labeled chicken liver, but does this serve as a marker for a large 
meal or is it just a meal of chicken liver that is pretty small and may 
not present difficulty in gastric emptying compared with sitting 
down for a big evening meal? 

RonaLp K. Tompkins, MD, Los Angeles: I would like to 
confirm the authors’ findings. 

In our study of 38 patients with pylorus-preserving Whipple 
procedures, we found that the emptying rate of solids and liquids at 
several months and up to five years after the operation was 
indistinguishable from that of the standard Whipple procedure. 

The patients really had no differences in terms of their function 
and their appreciation of quality of life compared with the standard 
Whipple procedure, and I ask the authors what they believe the 
value of the pylorus-preserving Whipple procedure is. 

Martin A. Apson, MD, Rochester, Minn: I rarely use tube 
gastrostomies with other operations but have always left such a 
tube in the stomach after PPPD. My modesty and honesty are in 
conflict when I say that I did two such operations four years before 
the procedure was reported and properly named. I admit that both 
patients had delayed gastrice emptying that required repeated 
nasogastric intubation fer about three weeks. For that reason, I 
have used a tube gastrostomy since that time. 

Dr Way: There are two major areas for discussion: (1) the 
physiology of gastrointestinal motility and (2) the role of this 
specific operation in the management of patients with cancer. 

From the physiologic standpoint, I think it is interesting to note 
that gastric emptying on late follow-up was normal in most cases. 
There are a number of studies that suggest that the duodenum has 
a special role in regulating gastric motility—principally by slowing 
emptying. That six of the nine patients who were free of cancer had 


normal gastric emptying may be considered a surprise in light of 
these previous experimental findings. The three patients who had 
rapid gastric emptying conform more closely to what might have 
been expected. 

We studied these patients because we had seen few major 
problems postoperatively that were attributable to abnormal 
gastric emptying, and we did not believe it was necessary to 
routinely perform a gastrostomy. Subsequently, we have had two 
patients (of about 15 additional operations) in whom delayed 
emptying has been a problem, but they were not included in the 
present study. Nevertheless, delayed gastric emptying has been 
uncommon in our experience. 

As noted by Dr van Heerden, we have not studied gastric 
emptying in the immediate postoperative period. Early function 
was assessed by checking when the nasogastric tube could be 
removed and when the patient was able to handle a solid diet. By 
and large, the patients resumed a normal diet at the same time as 
would be expected for patients who have had a elassic Whipple 
procedure, and on the average, they were home within two weeks 
of the cperation. 

In response to Dr van Heerden’s question, we have had one 
postoperative death (4%) among 26 patients who had this opera- 
tion. Seven patients (27%) experienced major postoperative com- 
plications (ie, fistula formation, infection, bleeding), and—except 
for the patient who died—they all recovered without late sequelae. 
Therefore, in our experience, the morbidity rate of PPPD is 
acceptably low and is about the same as for the standard Whipple 
procedure. 

We have gradually come to use this operation, as I think many 
have, as the standard procedure for cancer of the head of the 
pancreas instead of restricting it to benign disease and ampullary 
tumors. My impression is that the success in treating cancer will be 
the same as with the standard Whipple procedure and that 
resection of the antrum and pylorus will not be shown in late follow- 
up to improve the cure rate of pancreatic carcinoma—which is 
really the key question. 

Dr Nahrwold, we use a test meal of chicken liver mixed with beef 
stew that weighs 213 g, a reasonable size, and it would be 
considered physiologic. 

Dr Tompkins asked about the overall value of the procedure. I 
have already said that we have adopted it as more or less the 
standard approach for benign or malignant disease in this area. 
Although I believe it to be true, the notion that the patients fare 
better nutritionally is still unproven and will require observation of 


a larger group. 


In Other AMA Journals 


ARCHIVES OF PATHOLOGY & LABORATORY MEDICINE 
Malignant Mesotheliomas With Osseous and Cartilaginous Differentiation 


Samuel A. Yousem, MD, Liselotte Hochholzer, MD 


This report describes ten examples of diffuse pleural tumors felt to represent malignant mesotheliomas with 
osseous and eartilaginous differentiation. Typically, the patients involved were elderly whites who presented 
with chest pain, bloody pleural effusions, and diffuse and nodular pleural disease on chest roentgenograms. An 
asbestos-exposure history was indicated in six of the ten patients. Seven cases were malignant fibrous 
mesotheliomas, and three were biphasic mesotheliomas. Results of immunoperoxidase studies for cytoplasmic 
keratin were positive in three of six cases of malignant fibrous mesothelioma (Arch Pathol Lab Med 1987; 
111:62-66). 
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Criteria for the Selection 
of ‘Early’ Carcinomas of the Rectum 


Are They Valid? 


Jane C. Nelson, MD; Abdullatif N. Nimr, MD; Neil R. Thomford, MD 


e We retrospectively reviewed 76 cases of adenocarcinoma 
of the lower rectum treated by abdominoperineal resection 
between 1975 and 1985 to elucidate the relationship between 
pathologic stage and both the size and histologic grade of the 
tumor. Our results showed evidence of lymphatic invasion in 
50% of the 36 patients with tumors 4.0 cm or less in diameter, 
51% of the 68 patients with tumors of either a high or moderate 
degree of differentiation, and an alarming 53% of the 34 
patients whose tumors satisfied both criteria simultaneously. 
Finally, a substantial proportion (25%) of patients who had 
only partial invasion of the muscular layer also had lymphatic 
metastases. These results differ significantly from what has 
been previously reported and lead us to conclude that the 
commonly used criteria of size and histologic grade are 
inadequate criteria and do not allow confident selection of 
patients with lesions suitable for local treatment. 

(Arch Surg 1987;122:533-536) 


NE iE resection has long been the procedure 
of choice for the treatment of carcinoma of the lower 
rectum. It is, however, associated with appreciable morbid- 
ity and mortality and necessitates a permanent colostomy 
that is not well accepted or tolerated by some patients. Asa 
result, alternative methods of management that preserve 
rectal function have been advocated for patients with 
“early” rectal tumors. These methods, which provide for 
eradication of the carcinoma without destruction of the anal 
sphincter, include local surgical excision,™ electrocoagula- 
tion,*™ or intracavitary radiation treatment.” 

Strict clinical criteria are employed in an effort to select 
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only patients with early favorable tumors, since the re- 
gional lymph channels and nodes are not removed with 
these local methods of therapy. In general, patients with 
moderately differentiated to well-differentiated tumors 
that are 4 cm or less in diameter and are not fixed to 
adjacent tissues are considered to be appropriate can- 
didates for local treatment. These criteria have been ac- 
cepted as providing for the exclusion of ail but a small 
percentage of patients with lymphatic metastases. Propo- 
nents of local treatment of rectal carcinomas often quote 
data from Morson’s” study, published in 1966. He found that 
15% of rectal carcinomas were stage A lesions and, in 
addition, determined that only 12% of the patients with 
tumors that showed invasion into but not through the 
muscular layer had lymphatic involvement. 

The objective of the present study was to determine what 
percentage of patients conforming to the criteria of having 
early rectal carcinomas suitable for local treatment have 
lymphatic metastases. This information would allow the 
physician to determine the validity of these criteria in 
selecting patients for local treatment with preservation of 
the rectum. 


PATIENTS AND METHODS 


We performed a retrospective review of 76 cases of adenocar- 
cinoma of the rectum treated by abdominoperineal resection 
between 1975 and 1985. The standard abdominoperineal resection 
was employed and represented the primary form of treatment for 
all patients. All lesions were located in the middle to lower rectum. 
Patients with lesions amenable to low anterier resection were 
excluded from the study. 

Pathologic reports of the surgical specimens were analyzed with 
respect to size of the lesion, degree of bowel wall penetration, 
lymphatic invasion, and histologic grade. The Astler-Coller modi- 
fication of the Dukes’ staging classification was employed to 
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_ *Four of 17 lesions less than or equal to 4 cm in diameter and extending 
only into muscle had lymph node metastases. 
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Fig 1.—Pathologic stage according to size using Astler-Coller 
classification. 


describe both the level of mucosal invasion and the presence or 
absence of lymphatic involvement. The degree of mobility was not 
included in the present study since this characteristic was not 
routinely assessed and multiple examiners were involved during 
the selected time period. 


RESULTS 


Seventy-six cases of adenocarcinoma of the rectum met 
our criteria and form the basis of this study. Sex distribu- 
tion included 32% female and 68% male patients. Ages 
ranged from 36 to 90 years, with the average age being 65.7 
years. Thirty-six (47%) patients had lesions that were 4.0 
cm in diameter or less. Sixty-eight (88%) of the lesions 
showed either an advanced or moderate degree of histologic 
differentiation. Only one (1.3%) of the 76 patients had a 
stage A lesion; however, 39 patients (51%) showed evidence 
of lymphatic invasion at the time of resection. Of those 
patients whose lesions showed partial invasion of the mus- 
cular layer, 20% had positive lymph nodes. On the other 
hand, 67% of patients showed lymphatic involvement if full- 
thickness invasion had oecurred. 

Attention was direeted to the relationship between the 
size of the lesion and the level of invasion. Results for all 
lesions less than or equal to 4.0 cm in greatest diameter are 
reported in Table 1 and illustrated in Fig 1. Thirty-six of the 
patients fell into this category and none had stage A lesions. 
It is interesting that 29% of those patients with lesions less 
than or equal to 2.0 em in diameter already had evidence of 
metastases to the lymphatic system. Not surprisingly, the 
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Table 2.—Pathologic Stage According to 





Histologic Grade 
Astler-Coller Stage 
Degree of No. of 
Differentiation Patients B1 B2 C1 C2 
High 21 9 4 3 5 
Moderate 47 9 11 2 25 
Total 68 18* 15 5 30 


*Fi”e of 23 differentiated lesions extending only into muscle had lymph 
node metastases. 
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Fig 2.—Pathologic stage according to histologic grade using Astler- 
Coller classification. 


proportion of stage C lesions increased as the size of the 
lesion ncreased. When all tumors 4.0 cm in diameter or less 
were considered, 50% of patients in our series showed 
lymphatic involvement. 

A similar trend was seen when the degree of differentia- 
tion wes taken into account (Table 2, Fig 2). Well-differenti- 
ated carcinomas were found in 21 (28%) of the 76 patients. 
These tumors are generally considered to have the least 
malignant potential, but in the present study, 38% of 
patients with well-differentiated lesions had positive lymph 
nodes. This percentage was even higher (57%) for the 
patients with moderately differentiated carcinomas. Over- 
all, 51% of patients with either high or moderate degrees of 
differer tiation had stage C lesions. 

Finally, when both criteria were taken into consideration 
synchrcously (Table 3), an alarming 53% of those patients 
with lesions that were 4.0 cm or less in diameter and either 
well or moderately well differentiated also showed 
lymphatic involvement. 

Caleu ation of the percentage with lymphatic involve- 
ment among those lesions in which only partial bowel wall 
invasion has occurred provides a more meaningful analysis 
of the data when local treatment is being considered, as 
shown ir the following formula: 

No. of C1 Lesions 


No. of B1 +C1 Lesions 
Four (24%) of 17 lesions 4.0 cm or less in diameter and five 
(22%) of 23 lesions with either high or moderate degrees of 


Percentage = 
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Table 3.—Pathologic Stage According to 
Size (<4.0 cm) and Histologic Grade 


Astler-Coller Stage 
Degree of No. of 
Differentiation Patients B1 





only into muscle had lymph node metastases. 


histologic differentiation that were also confined to the 
bowel wall had extensions of the cancer into the lymphatic 
system (calculated from data in Tables 1 and 2). In addition, 
four(27%) of 15 lesions that satisfied both criteria simulta- 
neously and also showed only partial invasion of the bowel 
wall had lymphatic involvement (Table 3). This tissue would 
have remained in situ with local methods of treatment and 
henee would have undermined an attempt for cure if no 
further treatment had been given. 


COMMENT 


Local treatment has been shown by many physicians to be 
a viable alternative in the treatment of patients with early 
rectal cancers. Accurate preoperative clinical assessment is 
believed to be crucial, and criteria relied on heavily in the 
selection of patients have been size, mobility, and histologic 
grade.***""8 It has been argued that these early rectal 
tumors have little likelihood of lymphatic involvement, 
since the incidence of lymphatic metastases for all rectal 
lesions still confined to the bowel wall ranges between 10% 
and 12% 2 5:10018,14 

This has not been the case for the patients evaluated in 


the present study. Positive lymph nodes were found in at 
least 50% of the patients whose tumors were either 4.0 cm 
or less in diameter, or were well to moderately well differ- 
entiated, or both of these characteristics combined. 
Clearly, at least one half of the patients in our study who 
would have been candidates would not have benefited by 
local treatment. Stearns et al’ and Eisenstat and colleagues’ 
recognized the higher incidence of lymphatic invasion in 
lesions in which penetration of the bowel wall has oecurred, 
and they recommend abdominoperineal resection for pa- 
tients with such tumors. Our data confirm that the risk of 
metastases is still substantial for even smaller lesions in 
whieh only partial invasion of the muscular layer has 
occurred. In our overall population, 20% of those patients 
with lesions confined to the bowel wall had positive lymph 
nodes. This percentage increases to 25% when the tumor is 
either 4.0 em or less in diameter or is well differentiated. 
Proponents of local treatment would have given these 
patients no further therapy, and they represent what we 
consider an unacceptably high proportion of patients des- 
tined for treatment failure. Based on these results, we feel 
that neither criterion adequately serves its originally in- 
tended purpose, ie, as a clinical guide to the selection of 
patients with rectal tumors in an early stage. 

Local treatment for the cure of rectal carcinoma is 
obviously a surgical goal well worth achieving. Current 
methods of preoperative clinical assessment are either poor 
indicators or too subjective to allow selection of appropriate 
patients with confidence. Newer methods of preoperative 
evaluation, such as computed tomographic scanning or 
transrectal ultrasonography,” are being added to the arma- 
mentarium and perhaps may offer a better solution to the 
current dilemma. 
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Discussion 


STANLEY W. GOLDBERG, MD, Minneapolis: There is no question 
that now there is more interest in local therapy for carcinoma of the 
rectum. There are three main criteria for treatment, and two of 
them were addressed in this particular article, ie, size and 
histologie grade. However, one of the things that most authors give 
some importance to is the mobility (or fixation) of the tumor. 

Taking these criteria in order, I would like to comment first on 
size. Most of the excellent results that have been attributed to local 
therapy in the large series cited by Nelson and colleagues have 
shewn that as the tumor size increases, the chance for cure drops 
dramatically, from about 80% to about 40%. As a matter of fact, 
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there are no known “cures” with lesions larger than 4 em. 

The second criterion has to do with histologic grading, and here I 
think we have been misled by our pathologists. We have been 
somewhat disappointed with the histologic grading associated with 
these specimens. Recently, Todd and Wright studied biopsy 
specimens of carcinoma of the rectum and compared them with the 
resected specimens; they found that there was a 40% error in 
grading. When Todd and Wright were looking for differentiation of 
the tumor, grading was wrong 40% of the time. This oecurred at a 
rather prominent institution in London (St Marks Hospital). 

The third criterion, which was not addressed in the present 
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article and probably is the most important, has to do with mobility. 
There have been several recent studies ofthis criterion. A study by 
Mason in 1976 on clinical staging used only what is commonly 
termed the bio-probe, or that prominent digit at the end of your 
hand. In the hands of an experienced surgeon, that pathologic 
correlation is quite high using just this simple little tool that we all 
seem to be equipped with. Another similar study carried out by 
Nicholls at St Marks Hospital also shows that, using nothing more 
than a bio-probe (his finger), he could distinguish the various 
stages. Stage I and stage II tumors are the ones that we actually 
would like to treat locally. When the lesion is fixed, cure rates drop 
dramatically. 

Recently, the Germans introduced the rectal ultrasound probe, 
which we are now in the process of investigating. A 1985 study 
demonstrated a correlation in results between the ultrasonogra- 
phy and pathologic examination of tissue. There was a high degree 
of correlation in determining whether a lesion was limited to the 
mucosa and submucosa or whether the muscularis was truly 
involved. 

There is no question that our techniques are becoming more 
sensitive in terms of detecting the proper lesion, without relying 
only on size and histologic grading. The computed tomographic 
(CT) scan has also been used in this area, and I assume that, in the 
present study, few of these patients actually needed CT scanning to 
assist the surgeon. There are certainly other modalities that are 
coming on line to help us select the proper patients for local 
therapy. 

Did these authors’ pathologists agree on the grading of the 
tumors? Were there discrepancies among the various pathologists’ 
gradings? 

If the authors saw a patient in their clinic tomorrow who was 45 
years of age and had a 2-cm mobile lesion at the 5-cm level from the 
dentate line on the posterior rectal wall, and if the CT scan and 
ultrasonography showed that the muscularis propria was not 
involved, how would they manage that patient? 

Dr NELson: The study by Todd and Wright on the inaccuracy of 
histologic grading from biopsy specimens provides even more 
evidence in support of total excision of the rectal tumor. If there isa 
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60% error in making an accurate histologic diagnosis from a single 
or smal! Hiopsy specimen, we feel that that error is unacceptable 
and, ther2fore, that total excision must be done to avoid this 
problem. We feel that this is even more reason to start with total 
local excision initially and proceed from there. 

We believe that mobility is a subjective criterion and should not 
be relied on heavily in assessing the stage of a rectal tumor. 
Granted, some authors report good results with their evaluation of 
this criterion, but inconsistency is more often the outcome. Re- 
cently, a report was published that evaluated this criterion in 
preoperat ve clinical assessment. A panel of clinicians was 
assemblec that included consultants and registrars. Their in- 
terpretation of tumor mobility in the preoperative digital rectal 
examinatien was compared with the stage determined from the 
operative specimens. The accuracy of preoperative assessment 
ranged frcm 44% to 78% for the registrars. We believe that this 
criterion is much too subjective to use routinely to select patients 
with conditions appropriate for local treatment. 

We have total confidence in the accuracy and consistency of our 
pathologis-s, but we do recommend that total excision of a rectal 
tumor be >erformed to avoid the problem of error in histologic 
diagnosis trom a biopsy specimen. 

In respanse to the last question concerning appropriate treat- 
ment for a 45-year-old patient with a 2-em lesion that is 5 em from 
the dentate line and on the posterior wall, the position of the tumor 
is very important. Location on the posterior wall makes it more 
amenable -o local excision. Location on the anterior wall would 
have limited the chances for a complete local excision. 

Several studies have shown that, for a lesion extending into the 
submucosa but not through the muscularis propria, the incidence 
of lympha:ic metastases ranges between 6.5% and 13%. The 
operative mortality for a definitive procedure is less than 5%. We 
would weigh the risk of that operative mortality against the risk of 
death from the tumor for this patient. A 45-year-old patient 
without associated medical illnesses would have a very good result 
if a definitive procedure were done. We would, therefore, recom- 
mend an abdominoperineal resection. 


In Other AMA Journals 


ARCHIVES OF INTERNAL MEDICINE 


The Association of Nonsteroidal Anti-inflammatory Drugs With Upper Gastrointestinal 


Tract Bleeding 


Jeffrey L. Carson, MD; Brian L. Strom, MD, MPH; Keith A. Soper, MA; Suzanne L. West, MPH; M. Lee 
å Morse, PharmB 


To evaluate the risk of developing upper gastrointestinal (UGI) bleeding from nonsteroidal anti- 
inflammatory drugs (NSAIDs), a retrospective (historical) cohort study was performed, using a computerized 
data base including 1980 billing data from all Medicaid patients ir the states of Michigan and Minnesota. 
Comparing 47 136 exposed patients to 44 634 unexposed patients, the unadjusted relative risk for developing 
UGI bleeding 30 days after exposure to a NSAID was 1.5 (95% ecnfidence interval 1.2 to 2.0). Univariate 
analyses demonstrated associations between UGI bleeding and ag=, sex, state, alcohol-related diagnoses, 
preexisting abdominal conditions, and use of anticoagulants. This association between NSAIDs and UGI 
bleeding was unchanged after adjusting for these potential confounding variables using logistic regression. A 
linear dose-response relationship and a quadratic duration-response relationship were demonstrated. Non- 
steroidal anti-inflammatory drugs are associated with UGI bleeding, although the magnitude of the increased 
risk is reassuringly small (Arch Intern Med 1987;147:85-88). 
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Barrett’s esophagus are being followed up on a yearly basis 
with endoscopy and biopsy. So far, evidence of carcinoma 
has not developed in any of the patients. 

The rate of “gas bloat” syndrome was 8% in patients with 
LTFs compared with 4% in patients with SFFs. The reason 
for such a low incidence of gas bloat syndrome even in our 
patients with LTFs is that only five of these patients had a 
wrap constructed over dilators as small as a No. 32 French 
bougie, and the rest of our patients with the gas bloat 
syndrome had wraps constructed around various-sized dila- 
tors between No. 32 and 40 French bougies. There were five 
slipped Nissen fundoplications, all in patients who had 
extensive dissection of the lesser and greater curvatures of 
the stomach. There was no difference in the postoperative 
symptomatology between the groups with or without ap- 
proximation of the crura (Table 3). Recurrent symptoms 
developed in 4.8% of the patients, and all of these patients 
had recurrence of reflux documented by barium studies or 
esophageal pH measurements. One patient died from com- 
plications of redoing the Nissen fundoplication. The death 
occurred six months after operation. Ten additional pa- 
tients died during follow-up. None of these deaths were 
related to the operation. None of the remaining patients had 
any problem related to their operation or esophagitis. 


COMMENT 


Therapy for esophagitis should be directed at reducing 
the exposure of the esophageal mucosa to gastric contents 
that contain bile, acid, and pepsin. These agents have been 
shown to produce esophagitis.** Because there is no known 
way of reducing the inherent sensitivity of the esophagus to 
gastric contents, the treatment must be aimed at stopping 
its exposure to the acid-peptic mixture. One of the most 
successful forms of therapy to prevent reflux and treat 
chronic reflux esophagitis is the Nissen fundoplication. 
Although this operation produces the best results when 
done properly, it is not without complications. 

In general, the complications of the Nissen fundoplication 
can be divided into those that occur early and those that 
develop late in follow-up. The immediate or intraoperative 
complications are as follows: (1) esophageal perforation, (2) 
splenectomy, (3) ischemia of the esophagus, and (4) incar- 
ceration of the wrap. Esophageal perforation usually occurs 
when an inexperienced surgeon attempts to encircle the 
esophagus with blunt dissection. There are reports that 
transmural inflammation renders the esophagus more sus- 
ceptible to perforation, although this must be very rare. 
Sharp dissection should help to decrease the incidence of 
this complication. We had four patients with this complica- 
tion. In all of them it was repaired and they did well. 
Splenectomy should be avoided. One way to prevent this is 
to avoid taking the short gastric vessels as part of the 
operation and to repair the capsular tear when it occurs 
rather than taking the spleen out, which was the practice in 
the late 1960s in our series as well as in others. 

Ischemia of the esophagus, which has been reported by 
some,’ usually occurs during an attempt to free the esopha- 
gus to bring the wrap below the diaphragm. This is not only 
unnecessary but also can be dangerous. There is ample 
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Table 3.—Long-term Complications of Patients 
Treated With Nissen Fundoplication 


% of 
Total % 


Complication With SFF* With LTF} of Patients} 


Gas bloat syndrome 4 8 5.7 


Dysphagia 0.6 4.5 2.85 
Recurrent symptoms 4.6 5 4.8 





*n= 150. SFF indicates short, floppy fundoplication. 
tn=200. LTF indicates long, tight fundoplication. 
$n=350. 


evidence that leaving the fundoplication in the chest pre- 
vents reflux as effectively as when it resides below the 
diaphragm.*” 

The fourth complication, incarceration of the wrap, may 
occur either because the crura are approximated too tightly 
or when a vigorous attempt is made to bring the wrap below 
the diaphragm. Prevention of this complication is self- 
evident. 

The long-term complications of the Nissen wrap include 
the following: (1) disruption of the Nissen fundoplication 
with recurrence of symptoms, (2) slippage of the wrap with 
dysphagia, and (8) the gas bloat syndrome. 

The term slipped Nissen has been adopted widely to 
describe cases in which the wraps are situated around the 
gastric corpus rather than the esophagus. This usually 
occurs because of inadequate mobilization of the esopha- 
gus”* or performance of the wrap around the stomach itself; 
it also can be due to postoperative slippage of the wrap from 
the esophagus above to the stomach below. This may be 
avoided if the lesser curvature of the stomach is allowed to 
stay intact and is not taken down as part of the technique for 
doing a fundoplication.*® , 

Postoperative dysphagia, which occurs in patients who 
did not have preoperative dysphagia, is usually due to 
edema; if it does not subside in seven to ten days after 
operation, it usually signifies too tight a wrap. The impor- 
tance of a loose wrap to avoid this complication has convince- 
ing experimental support.* Too tight a wrap also may 
predispose to the breakdown of the fundoplication and 
return of reflux, a complication that occurs in about 10% of 
the patients in some series." Most of these breakdowns 
appear within the first and second years after operation. To 
prevent the breakdown of fundoplication, we avoid a tight 
wrap, and we also use synthetic nonabsorbable suture 
material other than silk, taking large bites through tissue 
that is not under tension. Too tight a wrap is also probably 
responsible for the gas bloat syndrome, which occurs in as 
many as 54% of patients in some original series.” In a more 
recent series, the occurrence of this problem decreased to 
about 138%." 

For the treatment of esophageal stricture due to chronic 
peptic esophagitis, we continue to advocate dilation and 
Nissen fundoplication. Other treatment modalities for 
esophageal stricture due to reflux esophagitis have been 
reported, with varying degrees of success. Dilation alone of 
esophageal stricture has been reported to yield up to 87% 
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Long-term Follow-up for Treatment of 


Complicated Chronic Reflux Esophagitis 


Siroos S. Shirazi, MD; Konrad Schulze, MD; Robert T. Soper, MD 


è In the past 18 years the Nissen fundoplication has under- 
gone a few modifications and changes in our institution and all 
over the world. The aim of this study is to review the long-term 
(up to 20 years) results of Nissen fundoplication in 350 patients 
and to evaluate the effect of major modifications in the tech- 
nique of fundoplication in these patients. Three hundred fifty 
patients with symptomatic chronic reflux esophagitis have 
been treated with Nissen fundoplication in our institution 
since 1966. They were divided into four groups: (1) patients 
who had a long, tight fundoplication; (2) patients who had a 
short, floppy fundoplication; (3) patients with crural approx- 
imation; and (4) patients without crural approximation. The 
preoperative and postoperative findings of these patients were 
evaluated in each group. Group 1 had more immediate and 
long-term dysphagia compared with group 2. Also, “gas bloat” 
syndrome was more prevalent in group 1 than group 2. The 
location of Nissen fundoplication (chest or abdomen) or the 
addition of hiatal hernia repair did not change the outcome. In 
patients with intact Nissen fundoplications, their esophagitis 
healed, and their symptoms disappeared. The rate of recur- 
rence of symptoms was 5%. Recurrence of symptoms was 
associated with disruption of the fundoplication, which usu- 
ally happened within the first two years after operation. 

(Arch Surg 1987;122:548-552) 


: tips introduction of a new surgical procedure is usually 
accompanied by a period of experimentation in which 
the originally described technique undergoes modification 
before it is standardized into a procedure that gives predict- 
ably good results. This is certainly true of the Nissen 
fundoplication, which has undergone many modifications 
and changes since its inception, both in our institution and 
all over the world. The most important changes have been 
shortening the wrap and increasing the size of the in- 
traluminal dilator. We hold these two changes responsible 
for decreasing the postoperative complications of the 
Nissen fundoplication that were observed initially. 
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The purpose of this study is to review our long-term 
results of fundoplication over a 20-year span, comparing the 
results of operation in patients who had a long, tight 
fundoplication (LTF) with patients who had a short, floppy 
fundoplication (SFF). We also compare the results of fun- 
doplication with and without approximation of the crura. 


PATIENTS AND METHODS 
Patient Selection 


Three hundred fifty patients are included in this study. Their 
ages ranged from 1 month to 80 years at the time of operation. Their 
symptoms are tabulated in Table 1. Indications for operation were 
as follows: (1) Intractability—183 patients were operated on be- 
cause they did not respond to six to 12 months of intense non- 
operative therapy. (2) Esophageal stricture—82 patients were 
operated on because of dysphagia with narrowing of the esophagus 
on barium studies or endoscopy. Attempts were made to dilate the 
strictures in all these patients before operation. If this was 
unsuccessful, intraoperative dilation of the strictures was per- 
formed. (3) Bleeding esophagitis—20 patients fell into this cate- 
gory. Ten had acute esophageal bleeding and ten had chronic blood- 
loss anemia. Fundoplication was undertaken after blood volume 
was restored. (4) Barrett’s epithelium—35 patients were operated 
on because they had Barrett’s epithelium diagnosed endoscopically 
and confirmed histologically. (5) Thirty of the 63 children were 
operated on because of gastroesophageal reflux and recurrent 
pneumonia that did not respond to conservative measures. 


Operative Management 


An abdominal approach was used in 330 patients; only 20 
patients had fundoplication performed through a left-sided thora- 
cotomy incision. 

The fundoplication was initially carried out as follows: With 
sharp and blunt dissection, 4 to 6 cm of lower esophagus was 
mobilized. The upper part of the stomach was freed by division and 
ligation of blood vessel along the lesser and greater curvature of the 
stomach. In adults, a mercury dilator (No. 32 to 40, Hurst) was 
introduced into the stomach by the anesthesiologist. The fundic 
part of the stomach was wrapped around the distal part of the 
esophagus and held in place by 2-0 nonabsorbable sutures placed 
through both edges of the fundus as well as the lower esophagus. 
Until 1976, most surgeons (including S.S.S.) performed the opera- 
tion as described above. 
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Discussion 


HERNAN M. Reyes, MD, Chicago: This excellent review clearly 
defines certain concepts of vitelline duct anomalies, which may not 
have been fully addressed in the past. First, the complications of 
obstruction, umbilical drainage, and bleeding occur more fre- 
quently during the first two years of life, an age when diagnosis and 
prompt treatment are necessary. Second, there is justification for 
performing an incidental Meckel’s diverticulectomy in early in- 
fancy because of the above complications. Third, this review brings 
to a better focus the relationship between rectal bleeding and the 
presence of ectopic gastric mucosa in the Meckel’s diverticulum. 

I have a number of questions that I would like to ask the authors. 
First, in a patient who has recurrent rectal bleeding with a 
negative technetium Te 99m scan, do you explore, or do you do 
other diagnostic studies? 

Second, since there is a decreasing incidence of symptoms from 
Meckel’s diverticulum with increasing age, what are your criteria 
for incidental Meckel’s diverticulectomy in patients older than 5 
years of age undergoing a major operation, for example, a child 
who has hepatic resection for hepatoblastoma or liver laceration 
from trauma? 

Third, of the 48 cases with rectal bleeding, 41 were treated with 
Meckel’s diverticulectomy. I just wonder how you were able to do 
this procedure without performing a small-bowel resection, since 
the ectopic gastric mucosa may be found in the margin of the 
Meckel’s diverticulum, which frequently has a wide opening. 

Finally, would you clarify how you treat the umbilical granuloma 
with silver nitrate? How long do you treat the granuloma with 
silver nitrate before exploration? 

-LAURENS R. PICKARD, MD, Houston: Could the authors explain 
how, from their review and their data, they justify resection of 
Meckel’s diverticuli in infants and young children during 
laparotomy for conditions not related to the diverticuli? In other 
words, can one infer from your data that a significant risk of later 
complications of reoperation has been prevented? And if so, does 
the prevention rate balance against the potential complication of 
removing the Meckel’s diverticulum, even though there was no 
mortality and morbidity in your group? There should be a long 
follow-up for this, and there may be other groups. I think that the 
potential for morbidity does exist. 

I wonder if the incidence should be related to population rather 
than the incidence of operations reviewed within a hospital. A case 
in point would be whether an infant having an operative reduction 
of an ileocolic intussusception should have a Meckel’s diverticulum 
resected. 

Dr GrosFELD: If you are considering the diagnosis of Meckel’s 
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diverticulum, the first test to obtain is a Meckel’s scan. A small- 
bowel series is usually futile in patients with this type of bleeding, 
and contrast material may interfere with Meckel’s scan because it 
coats the mucosa and makes it difficult to evaluate. 

In response to Dr Reyes’ question regarding recurrent rectal 
bleeding with a negative scan, we would pursue other studies. In 
those cases, we perform proctosigmoidoscopy and colonoscopy, 
and we may observe a polypoid lesion or an inflammatory condi- 
tion. If the bleeding rate exceeded 0.5 or 1 mL/min, perhaps in a 
highly selected case, an angiographic study may demonstrate a 
vascular malformation. 

Regarding indications for resection after 5 to 7 years of age, 
occasionally, at exploration you will find a Meckel’s diverticulum 
that has an abnormal appearance, suggesting that it might contain 
potentially problematic ectopic tissues, and we might resect this. 
If you palpate a mass in the Meckel’s diverticulum, it could be a 
tumor. Carcinoids and adenocarcinomas certainly can occur in a 
Meckel’s diverticulum. This would be more common in the adult 
patient. However, our results suggest that in older children (and 
adults) most Meckel’s diverticula probably will be asymptomatic. 

Diverticulectomy was done with a simple wedge excision and 
transverse closure of the bowel, with neither rebleeding nor 
obstruction occurring in any of the cases, suggesting that this is 
certainly an acceptable form of therapy. If there was a great deal of 
inflammation surrounding the base of the diverticulum (as in seven 
of our cases), a bowel resection was done. 

In regard to the umbilical granuloma, this often has a grayish 
appearance and will almost always respond to cauterization with a 
silver nitrate stick. If drainage from an umbilicus persists, a 
sinogram in the lateral position can usually discern between 
urachal anomalies (preperitoneal passage of dye toward the blad- 
der) and the vitelline duct in which the contrast material would 
pass intraperitoneally into the bowel lumen. 

Dr Pickard, the mean age of our patients was 2% years. At this 
age, the risk of complication from a Meckel’s diverticulum is at its 
peak. We would therefore still resect in these cases, since we have 
not encountered morbidity or death related to this resection. 

In the majority of older patients, however, I would agree with 
you that there are probably few indications to resect an incidentally 
observed Meckel’s diverticulum. 

As far as reduction of the ileoileal intussusception is concerned, 
we always remove the appendix, and, therefore, there is potential 
contamination from that. We would also resect a Meckel’s diver- 
ticulum in these instances, as the Meckel’s diverticulum may 
actually be the underlying cause of the ileocolic intussusception. 
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primary anastomosis were carried out. In each case, hemor- 
rhage was controlled, and there were no episodes of recur- 
rence. 

The use of the technetium Tc 99m pertechnetate scan for 
imaging gastric mucosa was initially described by Jewett 
and associates” in 1970. In recent years, we have used 
scintiscans to study ten patients with a bleeding Meckel’s 
diverticulum. No false-positive scans were noted, but one 
patient had a false-negative scan. At the present time, we 
obtain multiple scan views to avoid false-negative studies 
by moving the Meckel’s diverticulum away from the bladder 
where the isotope is also concentrated. The use of pen- 
tagastrin and/or cimetidine to enhance technetium Tc 99m 
pertechnetate imaging of ectopic gastric mucosa has also 
been described.” To examine a bleeding patient in whom a 
Meckel’s diverticulum is suspected, the isotopic scan should 
be the initial test obtained. Barium studies not only are 
futile and unreliable in attempting to demonstrate the 
presence of a Meckel’s diverticulum but the contrast mate- 
rial may interfere with the scintiscan. Ectopic gastric 
mucosa may also be observed in patients with an intestinal 
duplication, a lesion that must be included in the differential 
diagnosis of rectal bleeding in childhood. A visceral an- 
giogram may occasionally be diagnostic but only when the 
patient is actively bleeding at a rate of 0.5 to 1.0 mL/min. 

Obstruction was the second most common presenting 
symptom in this series. The mean age of 28 infants with 
obstruction was only 7 months. Fourteen infants had a 
volvulus around a fibrous band attached to the umbilicus or 
an aberrant vitelline vessel that arose from the mesentery 
to nourish the diverticulum (Fig 6). Nine of these infants 
required bowel resection for gangrenous bowel, and in four, 
a temporary ileostomy and colon mucous fistula were 
constructed. Three neonates with extensive peritoneal con- 
tamination eventually succumbed to infectious complica- 
tions and represent the only mortality observed in this 
series. Ileoileal (in six patients) and ileocolic (in two pa- 
tients) intussusception accounted for eight cases of bowel 
obstruction, which were generally not recognized preop- 
eratively. Reduction by hydrostatic barium enema is usu- 
ally unsuccessful because the Meckel’s diverticulum acts as 
a pathologic lead point and is rarely reducible.” Three 
neonates in the current report presented with a vitelline 
cyst or giant Meckel’s diverticulum. These cases are fre- 
quently associated with volvulus and require immediate 
resection. Occasionally these patients present with a palpa- 
ble abdominal mass.” 

Persistence of the primitive vitelline duct occurred in 
three neonates and one older infant (aged 6 weeks) who 
presented with bilious drainage from the umbilicus.” A 
lateral umbilical sinogram with contrast will usually dem- 
onstrate passage of the contrast material into the bowel. 
The draining umbilicus requires surgical exploration and 
simple resection of the persistent vitelline duct. The entry 
of the duct into the ileum can be closed by wedge excision 
and transverse repair. Although the umbilical granuloma is 
the most common umbilical abnormality in the neonate, 
failure to respond to silver nitrate cauterization must alert 
the physician in charge of the infant's care that a urachal or 
vitelline anomaly may be present.° The lateral sinogram can 
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clearly distinguish between these two anomalies. Rarely, a 
T-shaped prolapse of the efferent and afferent limbs of the 
normal bowel can occur through the patent vitelline duct. 
This unusual complication most often occurs in the neonatal 
period and requires emergency operation to prevent bowel 
infarction.” 

Inflammation of a Meckel’s diverticulum is the least 
common symptom described in this report. Clinical presen- 
tation of inflammation may be indistinguishable from symp- 
toms of appendicitis.® Five children in our series were taken 
to the operating room with an incorrect preoperative diag- 
nosis of appendicitis. In each case, simple diverticulectomy 
was performed as well as appendectomy. No complications 
resulted from this therapy. It is of interest that perforation 
did not occur in this small group of patients with inflamma- 
tion, which is not the case in most other reported series.””” 
Ectopic gastric mucosa was found in four of the five children 
with inflammation in this series. It has been suggested that 
the ectopic gastric mucosa results in inflammation of the 
area, eventually leading to formation of a peptic ulcer.’ 
This observation may explain the relatively high number of 
perforations (30%) reported by other authors.**” 

One child presented with a foreign body (wooden frozen- 
dessert stick) perforating the diverticulum and was also 
operated on, with a preoperative diagnosis of appendicitis. 
At operation, a Meckel’s diverticulum was observed with 
omentum adherent to it, and a localized perforation was 
discovered. The lesion was resected, and end-to-end anas- 
tomosis was performed. This child recovered promptly and 
was discharged on the fifth postoperative day. This is an 
unusually rare presentation and apparently is only the 38th 
such case described in the literature.” Unlike the appendix, 
which has a narrow neck, the base of the Meckel’s diver- 
ticulum may be wide, which allows potential foreign bodies 
to enter it and result in perforation. 

Although certain tumors may occur in a Meckel’s diver- 
ticulum (eg, carcinoid and adenocarcinoma) in the adult, we 
did not observe the presence of a tumor in any of the 217 
children in our study. Although no one questions the 
necessity to resect symptomatic vitelline duct anomalies, 
some controversy exists regarding resection of asymptoma- 
tic lesions noted as an incidental finding at the time of 
laparotomy for other conditions. In the present study, 132 
children underwent resection of their asymptomatic 
Meckel’s diverticulum, with no resultant operative mor- 
bidity and mortality. The only deaths in the entire series 
occurred in three neonates with abdominal sepsis secon- 
dary to volvulus and bowel infarction. The high incidence of 
symptomatic lesions (39% in this series and even higher in 
others) observed in young infants suggests that elective 
resection of an incidental Meckel’s diverticulum is indicated 
in infants and young children. As the patient’s age in- 
creases, the risk of symptomatic complications in the diver- 
ticulum decreases (Fig 1). There is no clear evidence to 
suggest that routine resection of a Meckel’s diverticulum in 
older children or adults is mandated. In asymptomatic 
infants and young children, diverticulectomy is a safe and 
effective procedure. In most instances, this operation can 


easily be accomplished without contamination using cur- +“ 


rently available stapling devices. 
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Fig 6.—Aberrant vitelline artery caused internal hernia and subse- 
quent intestinal volvulus in 14 children. Diverticulectomy and liga- 
tion of vessel is preferred treatment. Arrow indicates aberrant 
vessel. 


tic patients (1.5%). Ectopic pancreatic tissue was noted in eight 
children with asymptomatic diverticula and in six with sympto- 
matic lesions (four in children who bied). 

Three deaths occurred in neonates with volvulus around a 
Meckel’s diverticulum. All had gross contamination of the abdomi- 
nal cavity and infarcted intestine. In each instance, resection, 
ileostomy, and colonic mucous fistula were performed. Unfor- 
tunately, all three neonates died of uncontrolled sepsis. No mor- 
bidity or mortality was identified in any patient who underwent 
elective resection of a Meckel’s diverticulum. 


COMMENT 


The vitelline duct is the primitive connection of the yolk 
sac to the embryonic midgut. Anomalies are related to 
failure of obliteration of the vitelline duct, which normally 
occurs between the fifth and ninth weeks of gestation.* The 
type of lesion that persists is determined by the stage of 
arrest of normal involution. In 1959, Soderlund® established 
six categories to which vitelline duct anomalies can be 
assigned (Fig 2). Meckel’s diverticulum is the most common 
form of persistent vitelline duct remnant and presents on 
the antimesenteric border of the ileum, usually within 60 cm 
of the ileocecal valve. The diverticula as well as other 
vitelline duct anomalies contain all layers of the intestinal 
wall. Ectopic tissue is frequently noted in these lesions (Fig 
5). In the present study, pancreatic tissue occurred in 14 
cases and was similarly distributed between symptomatic 
and asymptomatic patients, representing 6% of the total 
study population. This incidence of ectopic pancreatic tissue 
is somewhat lower than in other reported series.”” 

In contrast, ectopic gastric mucosa was noted in 54 
children (25% of all specimens examined), including 52 
symptomatic patients (all 48 patients with bleeding and in 
four of five patients with inflammation). Only two (1.5%) 
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asymptomatic children had ectopic gastric mucosa in their 
lesions. 

An interesting observation is the extremely high associa- 
tion of symptomatic lesions with ectopic gastric mucosa in 
this series. This is probably related to the fact that most of 
the patients were young infants (no patients were older 
than 18 years of age), who have a much higher incidence of 
symptomatic lesions than adults.‘ 

Meckel’s diverticulum has often been regarded as a 
relatively “silent” lesion, with symptoms being present in 
4.2% to 34% of affected individuals.**” In the present series, 
symptomatic lesions occurred in 39% of patients; however, 
this selected pediatric population excludes adults, who 
generally make up the vast majority of asymptomatic 
patients. These observations have been noted in other 
reports, in which 45% of patients under 2 years of age had 
symptomatic lesions.’ 

The types of symptoms also vary with age. In this series, 
obstruction was more common in neonates and young 
infants, while bleeding occurred more frequently in slightly 
older infants and young children. Inflammation was the 
presenting symptom in older children, as shown below. 


Symptom Mean Age, y 
Symptomatic lesions 2.4 
Obstruction 7 mo 
Bleeding 2.8 
Inflammation 8.2 
Asymptomatic Wh 


The most common presenting symptom was rectal bleed- 
ing, which occurred in 48 children (22%). Obstruction was 
noted in 28 infants (13%), inflammation occurred in five (2%) 
and umbilical fistula in only four (2%). These presentations 
are somewhat different from Moses” classical description 
in 1947, in which obstruction was the most common present- 
ing symptom reported. It is of interest that while there is an 
increased rate (2:1) of vitelline duct anomalies occurring 
among boys, symptomatic lesions have a relatively equal 
sex distribution.® In the current series, symptomatic cases 
involved 44 boys and 41 girls. 

The mean age of the 48 patients with rectal bleeding was 
2.8 years, with a range of 4 months to 12 years. In each 
instance, the bleeding was painless, and neither vomiting 
nor hematemesis was documented. Bleeding was almost 
always significant (hemoglobin level, <8.0 g/dL [80 g/L)), 
and 41 children required at least one transfusion. In two 
children, bleeding was not controlled preoperatively, and an 
operative procedure was carried out as an emergency. In 
the remaining 46 cases, bleeding had subsided, and an 
elective resection was performed. Spontaneous cessation of 
bleeding is the rule; however, life-threatening hemorrhage 
may occur and has been described in all major reports 
concerning the subject of Meckel’s diverticulum.® Bleeding 
is caused by peptic ulceration commonly located at the base 
of the diverticulum at the junction of ectopic gastric and 
ileal mucosa (Fig 5).° Occasionally, the ulceration is across 
from the diverticulum on the mesenteric border. Control of 
bleeding was obtained by simple diverticulectomy in 41 
patients who had spontaneously stopped bleeding. In the 
two infants who were actively bleeding at time of operation 
and in five other children, resection of the small bowel and 
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Fig 3.—Persistent vitelline duct cysts were found in neonates and 
caused bowel obstruction. This case demonstrated cyst that was 
palpable on examination. Arrows indicate air-filled cyst. 


LATERAL 





Fig 4.—Technetium Tc 99m pertechnetate scan demonstrates 
increased uptake at Meckel’s diverticulum (arrow) in vast majority of 
bleeding patients. AP indicates anteroposterior; Ant, anterior. 


tion of the cyst and primary bowel anastomosis. Three other 
neonates developed signs of an acute abdomen; two of these, at 
laparotomy, had a perforated Meckel’s diverticulum in an inearcer- 
ated Littre’s hernia, and one case was secondary to an internal 
hernia. In two children, a Meckel’s diverticulum was discovered 
after omphalocele repair. 

Forty-eight children presented with symptomatic rectal bleed- 
ing. Hemoglobin levels were usually less than 8.0 g/dL (80 g/L). 
The appearance of the blood varied from maroon to bright red. In 
46 cases, the bleeding was self-limited and operation was carried 
out electively. In two patients, bleeding was relentless and re- 
quired emergency operation. In 41 children with rectal bleeding, a 
blood transfusion was necessary. 

Recently, the technetium Te 99m pertechnetate scintiscan has 
proved very useful in the diagnosis of bleeding Meckel’s diver- 
ticulum (Fig 4). Nine of ten patients had a positive scan and had a 
bleeding Meckel’s diverticulum at operation. In one case, the 
technetium Te 99m scan was negative (early in the series), but the 
child had a bleeding Meckel’s diverticulum at operation. All 
patients with a bleeding Meckel’s diverticulum had ectopic gastric 
mucosa noted on histologic study of the specimen. Recently, 
pentagastrin stimulation has preceded the scan, and we are 
hopeful that this will alleviate instances of false-negative examina- 
tions. There were no false-positive scans. 
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Fig 5.—Ectopic gastric mucosa causes ulceration (arrow) and 
bleeding in small-bowel mucosa. In this lesion, bleeding occurred 
high in Meckel’s diverticulum. 


Four patients presented with bilious drainage from the um- 
bilicus. Three of these were neonates, and one was six weeks of age. 
At laparotomy, a patent vitelline duct was observed between the 
distal ileum and umbilicus (Fig 2, center right). Resection of the 
patent vitelline duct and transverse closure of the ileum were 
performed in each case. 

Five older children (mean age, 8.2 years) had inflamed Meckel’s 
diverticula discovered at laparotomy. In all five cases, the 
preoperative diagnosis was acute appendicitis, and the inflamed 
Meckel’s diverticulum was discovered on further exploration after 
a normal appendix was observed. An appendectomy was per- 
formed in all five children in addition to resection of the Meckel’s 
diverticulum (Fig 2, bottom). In addition, a 3-year-old child 
presented with an acute abdomen, which was preoperatively 
misdiagnosed as a ruptured appendix. At laparotomy, a perforated 
Meckel’s diverticulum with portions of a wooden frozen-dessert 
stick protruding from its wall was noted. Small-bowel resection 
and anastomosis were performed in the child with the perforation, 
and simple diverticulectomy was done in the remaining five cases. 

Small-bowel resection (including the diverticulum) was carried 
out in 24 children. Five of these cases were related to volvulus; 
seven, to bleeding; four, to intussusception; three, to vitelline duct 
cysts; and one, to a perforation. Twenty children had primary 
anastomosis after resection, while four with excessive abdominal 
contamination (secondary to volvulus) underwent temporary il- 
eostomy and opening of a mucous fistula. Closure of the temporary 
enterostomy was carried out six to eight weeks later. 

Diverticulectomy was performed in 189 cases. Initially, this was 
done with a transverse two-layer interrupted closure over a 
straight bowel clamp. More recently, this has been performed with 
a stapling device. Neither bowel obstruction nor evidence of 
rebleeding was observed following diverticulectomy. Three of four 
children who underwent successful resection of a persistent vitel- 
line duct also underwent simple diverticulectomy. 

Ectopic gastric mucosa was present in all 48 children with 
bleeding and in four of five with inflamed diverticula. Ectopic 
gastric mucosa was also found in the diverticula of two asymptoma- 
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Fig 2.—Top left, Persistent Meckel’s diverticulum with 
attachment to umbilicus. Top right, Aberrant vitelline 
arteries were responsible for 14 cases of bowel 
obstruction. Center left, Vitelline duct cysts caused 
partial bowel obstruction by stasis. Center right, Per- 
sistent vitelline ducts often present as draining um- 
bilicus. Bottom, Standard Meckel’s diverticulum with 
no attachment to umbilicus was most common lesion 
encountered in our series. 
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Vitelline Duct Anomalies 


Experience With 217 Childhood Cases 


Dennis W. Vane, MD; Karen W. West, MD; Jay L. Grosfeld, MD 


e Of 217 children with vitelline duct anomalies, 85 (40%) had 
symptomatic lesions (mean age, 2.4 years). Forty-eight pa- 
tients presented with rectal bleeding; 28, with intestinal 
obstruction; five, with abdominal pain; and four, with bilious 
umbilical drainage. An asymptomatic Meckel’s diverticulum 
was discovered incidentally at laparotomy in 132 children. 
Surgical therapy included bowel resection in nine patients with 
volvulus, four with intussusception, seven with bleeding, 
three with vitelline cysts, and one with a perforation. Diver- 
ticulectomy was performed in 189 cases, and excision of a 
patent vitelline duct was accomplished in four neonates with 
umbilical drainage. Ectopic gastric mucosa was present in all 
48 patients with bleeding and in four of five with inflammation 
but in only two asymptomatic specimens. More than one third 
of the cases were symptomatic and presented in younger 
patients. This suggests that elective resection of 
asymptomatic vitelline remnants in early childhood is reason- 
able at the time of laparotomy for other conditions. 

(Arch Surg 1987;122:542-547) 


he persistent vitelline, or omphalomesenteric, duct was 

first noted by Ruysch’ in 1730. The diverticular rem- 
nant of the vitelline duct was described in detail by Johann 
Meckel’ in 1808 and presently retains his name. In the vast 
majority of persons, the embryonic vitelline duct usually 
obliterates by the fifth to ninth week of intrauterine life. In 
approximately 2% of the population, however, a vitelline 
remnant persists and may result in a variety of intra- 
abdominal complications.** This report describes the 
clinical presentation and operative treatment of 217 chil- 
dren with vitelline duct anomalies treated at a major 
pediatric facility. 


PATIENTS AND METHODS 


From 1970 to 1986, vitelline duct anomalies were observed in 217 
infants and children, ranging in age from less than 1 month to 18 
years, at the James Whitcomb Riley Hospital for Children, Indiana 
University Medical Center, Indianapolis. The male-to-female 
ratio was 2:1, with 143 boys and 74 girls. Eighty-five children 
underwent laparotomy for symptomatic lesions, while in 182 cases, 
asymptomatic vitelline duct remnants were discovered inci- 
dentally during operations for other conditions. The occurrence of 
symptomatic lesions was age dependent. In neonates (<1 month of 
age), symptomatic lesions accounted for 85% of the cases, and in 
infants aged 1 month to 2 years, 77% of lesions were symptomatic. 
In children greater than 4 years of age, only 15% of cases were due 
to symptomatic lesions (Fig 1). Asymptomatic lesions occurred 
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[C] Symptomatic 
FA Asymptomatic 


No. of Patients 


<1 mo 1 mo-2 y 


Age 
Fig 1.—Comparison of symptomatic and asymptomatic vitelline 
duct anomalies. Asymptomatic lesions predominate in older chil- 


dren; however, in infants, vast majority of vitelline anomalies are 
symptomatic. 


>2-4y 


with other congenital anomalies in 68 (51%) of the cases. These 
included cardiac defects in 24 patients, esophageal atresia in 21, 
Hirschsprung’s disease in 11, duodenal atresia in seven, and Down 
syndrome in five. 

Presenting symptoms were also age related. Instances of in- 
testinal obstruction generally occurred in neonates and younger 
infants, while bleeding was the predominant symptom in patients 
from 1 month to 4 years of age. Bleeding occurred in 48 cases, 
representing 83% of symptomatic lesions. Inflammation occurred 
in five older children with a mean age of 8.2 years. The single case 
of perforation (due to a foreign body) occurred in a 3-year-old boy 
who had swallowed part of a frozen-dessert (Popsicle) stick. 

Symptoms of bowel obstruction included abdominal distention, 
abdominal pain, and bilious vomiting. Obstruction was most com- 
monly due to a volvulus around a fibrous vitelline band extending 
from the distal small bowel to the umbilicus or, less frequently, 
through a defect created by an aberrant branch of a primitive 
vitelline artery (14 cases), which represented the major blood 
supply to the diverticulum (Fig 2, top left and top right). The 
majority of these patients (12 children) required resection of a 
variable length of small intestine; however, in two instances, a 
simple reduction of the volvulus with diverticulectomy was possi- 
ble. In eight patients, obstruction was related to ileoileal intus- 
susception, with a Meckel’s diverticulum as the lead point. In all 
but two cases, the intussusception was unsuspected until discov- 
ered at exploration. In two children, the intussusception extended 
through the ileocecal valve into the colon and was diagnosed during 
preoperative workup with a contrast barium enema. Surgical 
resection of the intestine was required in four children with 
intussusception. In four others, the intussusception was manually 
reduced, and simple diverticulectomy was performed. 

Three neonates had large vitelline duct cysts (confirmed on 
pathologic sections), which caused small-bowel obstruction (Fig 2, 
center left). In two of these cases, a large air-fluid level was noted 
on abdominal roentgenogram, and in one case, a large mass was 
palpated (Fig 3). All three neonates underwent successful resec- 
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Although each of these studies contained a small number of 
patients with short follow-up times, there was a suggestion 
of a 20% to 30% salvage rate. 

In our series, none of the patients was a candidate for 
curative abdominoperineal resection; with one exception, 
none had any hope of benefit from further irradiation. Many 
had been declared to be “inoperable” at outside institutions. 
Despite that, operative mortality was 5%, and 13 (68%) of 19 
patients, ie, those surviving surgery without pelvic recur- 
rence, were spared the sequelae of uncontrolled pelvic 
disease. Moreover, half of those patients whose surgery was 
potentially curative have been free of disease. 


This is a small series from which conclusions must be 
drawn with caution. Long-term morbidity of exenteration 
can be substantial. We have no disagreement with the use of 
preoperative irradiation for bulky anorectal tumors and 
routinely employ this modality in an attempt to achieve 
tumor-free margins with an anterior or abdominoperineal 
resection. If the tumor does not regress enough to be 
encompassed by these lesser procedures, however, or re- 
curs in the pelvis, we feel that the results of this and other 
studies show there may be more benefit from radical 
surgery than previously thought. 
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Discussion 


STANLEY W. GOLDBERG, MD, Minneapolis: We all are faced with 
this problem, and we have looked at this in the past. We were 
concerned about the difference in the operative morbidity and 
mortality associated with abdominoperineal resection when we 
assess recurrence. We looked at our results in 12 cases, and we 
published this several years ago. Then we found that we did 
pretty well. We did not do any sacral excisions as was done by this 
group. 

The other thing that we were blessed with in our particular 
series was the fact that none of our patients had had radiation 
therapy following their recurrence, whereas this particular group 
was composed exclusively of patients who had had high-dose 
radiation therapy, actually massive radiation to the pelvis, which I 
am sure adds significantly to the problem. 

But in our group of 12 patients, we were able to do this with a zero 
mortality, but when we compared it to the operating time (the 
average operating time for abdominoperineal resection), when we 
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were not dealing with recurrence after a low anterior resection, 
our operating time rose from an average of three hours to an 
average of three hours and 40 minutes. 

Also, the transfusion rate went up for these recurrences from an 
average of 1.1 U per case to an average of 3.2 U per case, but the 
postoperative stay in the hospital remained the same, approx- 
imately 14 or 15 days following their surgery. 

All of this work actually was done by Mark Segal, MD, now of San 
Jose, Calif, and Dr Rothenberger of our division. 

As I looked at your data, there is no question that all your 
patients had tremendous radiation, up to 12000 rad (120 Gy), and 
that raised a question in my mind. I really applaud you for coming 
out with a low mortality of only 5% in this group. I wonder, how do 
you evaluate the validity of that ureter at the time of surgery if you 
are going to go ahead and implant that ureter? I am amazed that 
you did not have more urinary leaks related to the radiation to the 
distal urinary tract. 
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*DOD indicates patients died of disease or operative complications; LWD, 
patients have been living with disease; DNED, patients died free of disease; 
and LNED, patients have been living free of disease. 


metastases at the time of surgery (liver, three; lung, one), 
which was carried out for palliation of severe pelvic prob- 
lems. Two of these patients died of distant metastases at six 
and 12 months. A third patient underwent resection of a 
single liver deposit, died of unknown causes six months 
later, and was considered dead of distant metastases. The 
fourth patient refused all treatment for several small liver 
metastases and was asymptomatic at 16 months’ follow-up. 
There was one pelvic recurrence in this group. 

Fifteen patients had no extrapelvic disease. Seven had 
primary tumors, and eight had recurrent disease. One 
patient, described above, died of postoperative complica- 
tions. Two other patients died free of disease six and 12 
months after surgery. Three of the 15 patients died of local 
(n= 2) or local plus distant recurrence (n= 1), at 4, 6, and 12 
months after surgery. A fourth patient has been living with 
local recurrence at 16 months’ follow-up. Thus, the incidence 
of local recurrence in those patients who survived surgery 
has been 28% (five of 18 patients). 

Eight (53%) of 15 patients who underwent surgery for 
cure have been living free of disease, with follow-up times of 
12+ to53+ months. Six patients have been followed up for 
at least 24 months. Four of the eight patients had a primary 
tumor; four had recurrent disease at the time of surgery. 
Six of these patients had Astler-Coller C2 disease; two had a 
B2 lesion. Five of the eight patients underwent a standard 
exenteration; three had a sacropelvic exenteration. These 
results are tabulated in the Table. In Fig 4, disease-free 
survival is shown for patients who underwent curative 
surgery: those who died of operative complications were 
considered to be dead of disease and those who died free of 
disease were excluded at the time of the last follow-up. 


COMMENT 


Approximately 10% of patients with rectal cancer have 
locally advanced, “primary inoperable,” disease at diag- 
nosis." Usual treatment for such patients is irradiation, 
followed by surgery (anterior or abdominoperineal resec- 
tion) if possible. With this approach, approximately 40% to 
70% of the patients will become “operable”; however, pelvic 
recurrence rates are 28% to 67%, and five-year survival is 
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Fig 4.—Disease-free survival of 15 patients without extrapelvic 
disease at time of exenteration. Operative deaths were considered 
to be dead of disease. 


just 10% to 28%.’*"" The outlook is worse for those 
patients with tumors that do not regress enough to even be 
considered for abdominoperineal resection. Median sur- 
vival for this group is six to 18 months, and 0% to 5% are 
alive at five years.’ Pelvic exenteration, in contrast, has 
a cure rate of 30% to 50% when used as the sole treatment 
(no irradiation) for locally advanced primary rectal can- 
cer.” This suggests that tumors that are too large for 
abdominoperineal resection before irradiation tend to re- 
main too large for this procedure after irradiation. It also 
suggests that the outlook for primary inoperable disease 
might improve somewhat if exenteration was employed 
more often. Due to the lack of comparability between 
studies, however, this question cannot be resolved at pres- 
ent. 

In another 10% to 25% of patients with primary operable 
rectal cancer, the tumor recurs just in the pelvis after 
curative surgery, with or without adjunctive ra- 
diotherapy.*”"’* Some of these recurrences seem limited to 
a suture line and are potentially curable by another opera- 
tion. When that operation is abdominoperineal resection, 
however, the five-year salvage rate ranges from 9% to 
14%. Another small set of recurrences seem limited to 
the perineum. Reexcision of the area yields a median 
survival of just 12 months and no long-term survivors.” 
Most pelvic recurrences of rectal cancer are not even 
eonsidered to be operable and are managed, where needed, 
by radiotherapy. Although upward of 80% to 90% of patients 
will obtain some palliation with such treatment, average 
survival is 11 to 18 months, and there are few, if any, long- 
term survivors.*”* 

In the past, pelvic exenteration for recurrent rectal 
cancer has not shown much benefit.‘ This, however, may be 
due to the fact that most such recurrences are fixed to the 
pelvic sidewall, or sacrum, and do not lend themselves to a 
standard exenteration. The feasibility of adding sacral 
resection to exenteration has recently been shown by 
Wanebo and Marcove,” Sugarbaker,* and Takagi et al.’ 
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Fig 1.—Presacral and paravesical spaces are opened, ureter is 
divided, and bladder is retracted medially, away from obturator 
nerve. Arrow shows communication of these spaces behind hypo- 
gastric vessels, which are being divided. 


Fig 3.—Retropubic space is developed anterior to specimen; 
presacral space (a) is opened down to S2-3. Postsacral space (b) is 
opened up to same level. Sacrum is divided (dotted lines) after this, 
and specimen is removed. 
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Fig 2.—Ischiorectal fossae are opened; urogenital diaphragm and 
levator muscles (a) are divided along inferior pubic rami and bony 
pelvic sidewall. Sacrotuberal ligaments (b) and, more deeply, 
sacrospinal ligaments are divided along sacrum. Arrows indicate 
line of division. 


technique, a tumor-free plane must be established down to at least 
the level of S2-3, or we consider the patient unresectable. 

Once the presacral space has been developed, it is joined with the 
previously opened paravesical space by division of the hypogastric 
vessels at, or immediately distal to, the origin of the inferior gluteal 
branches (Fig 1). 

Attention then turns to the perineum. The anus or perineal scar 
is circumscribed by a generous margin of normal skin. In women, 
the incision extends anteriorly between the labia to include the 
distal part of the vagina. The urethra, if still intact, is divided and 
the urogenital diaphragm is transected circumferentially near 
bone. The ischiorectal fossa on each side is opened, and a dissection 
plane lateral to the tumor is developed. This may require dissecting 
through the obturator internus muscle and including a portion of 
that structure in the specimen. 

The subcutaneous space posterior to the sacrum is next opened 
from below upward to a point commensurate with the superior 
border of S-3 (Figs 2 and 3). The levator muscles (or their 
remnants) are divided as close to the pelvic sidewall as feasible. 
The sacrotuberal ligaments, sacrospinal ligaments, and coccygeal 
muscle are then transected, and the specimen is removed by 
transecting sacrum between S2-3 or S3-4 (Fig 3). After construc- 
tion of a urinary conduit and a colostomy, the raw pelvis is lined, 
where possible, by pedicled omentum. This is augmented by 
muscle flaps from the thigh (usually gracilis muscle), 


RESULTS 


Operating time ranged from eight to 16 hours, and blood 
loss varied from 3000 to 10000 mL (average, 5000 mL). 
Twelve patients underwent a standard exenteration (eight 
for primary disease and four for recurrence), while seven 
required a sacropelvic exenteration (one for primary dis- 
ease and six for recurrence). There was one postoperative 
death (5%) from sepsis secondary to a urinary leak. 

Four patients had small-volume or resectable distant 


Anorectal Cancer—Pear|man et al 


Pelvic and Sacropelvic Exenteration 


for Locally Advanced or 


Recurrent Anorectal Cancer 


Nathan W. Pearlman, MD; Robert E. Donohue, MD; Gregory V. Stiegmann, MD; 


Dennis J. Ahnen, MD; Scott M. Sedlacek, MD; Thomas J. Braun, MD 


© Postirradiation “fixed” anorectal tumors are often consid- 
ered incurable. Since 1980, we have carried out 12 pelvic and 
seven sacropelvic exenterations for this problem (adenocar- 
cinoma, 18; squamous cancer, one). Nine tumors were primary; 
ten were recurrent (five after an anterior resection and five after 
an abdominoperineal resection). Prior irradiation ranged from 
3000 to 12000 rad (30 to 120 Gy). Four patients had synchro- 
nous distant metastases; three died of disease (one with local 
recurrence), and the fourth patient has been living with disease 
(distant metastasis). Fifteen patients (four with B2 tumors and 
11 with Astler-Coller C2 disease) had no extrapelvic disease. 
One patient died of postoperative complications; two others 
died free of disease. Three of the 15 patients died of disease (all 
with local recurrence), and one has been living with disease 
(local recurrence). Eight (53%) of 15 patients have been living 
free of disease 12+ to 53+ months. The results suggest that 
many patients with fixed postirradiation anorectal tumors may 
be salvaged by aggressive surgery. 

(Arch Surg 1987 ;122:537-541) 


Tae of the anorectum are often considered incurable 
if they have been previously irradiated and are fixed to 
the bladder base or sacrum. This is true for both primary 
and recurrent lesions of this region."* We have found, 
however, that many of these cancers can be removed with a 
pelvic exenteration, or pelvic exenteration combined witha 
sacral resection (“sacropelvic” exenteration). Since 1980, 
we have carried out 19 exenterations for this problem. This 
report reviews our experience. 
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PATIENT POPULATION 


Between 1980 and 1985, we operated on 22 patients with a locally 
advanced, previously irradiated, anorectal cancer. One patient 
proved to be unresectable due to invasion of the proximal (S-1) 
sacrum. Two other patients had lesions that could be removed with 
lesser procedures. The 19 remaining patients required some form 
of exenteration to obtain tumor-free resection margins, and they 
are the basis of this review. They consisted of 14 men and five 
women, with an age range of 47 to 72 years. Nine had a primary 
tumor; ten had recurrent disease (five after an anterior resection 
and five after an abdominoperineal resection). Eighteen had an 
adenocarcinoma; one had a squamous cancer. Eleven patients had 
Astler-Coller C2 disease, four had B2 tumors, and four had small- 
volume distant metastases in addition to their pelvic disease. All of 
the patients had some degree of ureteral obstruction; 12 had 
intractable pain, recurrent hemorrhage, or malignant urinary 
fistulas as well. Doses of prior radiotherapy ranged from 3000 to 
12.000 rad (30 to 120 Gy), with all but one patient having received at 
least 4000 rad (40 Gy). 


TECHNICAL CONSIDERATIONS 


Although techniques of standard pelvic exenteration are well 
described,®® those relating to sacropelvic exenteration are still 
evolving.*® We use just the lithotomy position for the latter 
procedure, elevate the sacrum off the operating table with pads 
under L5-S1, and do not change position later in the case. 

After entering the abdomen, the bladder is mobilized as would 
be done in a standard exenteration, sweeping obturator nodes 
medialward with the specimen. The ureters are divided near their 
entrance into the tumor and cannulated with plastic catheters that 
are connected to drainage bags. The sigmoid colon and mesocolon, 
if still intact, are divided next, and the presacral space is entered 
near the sacral promontory. Blunt and sharp dissection are used to 
open this space further, down to the level of S2-3 and past this 
point, if possible. We have found that downward pressure with an 
osteotome often works better for opening the presacral space in 
patients who have undergone previous irradiation and previous 
operations than does a scalpel or heavy scissors. Regardless of 
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good results by Palmer.” However, Skinner and Belsey“ 
noted a high mortality rate and only 36% good results. Hill 
and associates” reported 85% good results with dilation 
plus an antireflux operation. Stricture dilation or resection 
plus acid-reducing procedures produced satisfactory re- 
sults in the series of Payne et al.” However, Skinner and 
Belsey“ reported a high operative mortality rate and only 
67% satisfactory results in their large series. The patch 
technique for management of esophageal stricture in a 
series of 22 patients reported by Thal” was associated with 
one death and three stricture recurrences. This mode of 
therapy has also been largely unsuccessful in patients 
treated by Thomas et al.” Strug and colleagues” reported a 
16% mortality rate for the Thal patch procedure. Pearson 
and Henderson” reported their experience with 
gastroplasty in the management of acquired short 
esophagus with stricture. In their experience, good results 
were obtained in the majority of the patients, but they 
encountered three esophageal perforations and one death, 
and six of the patients had postoperative dysphagia. 
Although esophageal resection with intestinal interposi- 
tion has produced good long-term results, the length of the 
operative procedure and the high morbidity and mortality 
rates outweigh its benefits. The satisfactory results and the 
absence of mortality obtained with a combination of esopha- 
geal dilation and Nissen fundoplication indicate that this 
was an excellent method of therapy in 82 patients in this 
series. The functional results achieved are good in the great 
majority of patients. The esophagus is retained, the lower 
esophageal sphincter is not disrupted, and the vagus nerves 


remain intact.” 

Others who advocate resectional therapy and a combina- 
tion of Thal patch with the Nissen fundoplication should be 
able to justify the high morbidity and mortality rates that 
are associated with those procedures.”” Although one 
surgeon or a group of surgeons may have low mortality or 
morbidity results with resectional therapy for stricture due 
to esophagitis because of their vast experience, one should 
not advocate that it be done routinely by all surgeons, who 
only occasionally may encounter such a case. 

The incidence of massive bleeding secondary to reflux 
esophagitis reported by different authors has been about 
5%. In several reported series that included a total of 780 
patients, the one feature common to all patients who bled 
was the presence of symptoms of reflux esophagitis before 
bleeding ever occurred. The overall mortality rate for 
massively bleeding esophagitis was about 15%.”" From the 
foregoing presentation, it is apparent that reflux 
esophagitis becomes a threatening disease once hemor- 
rhage occurs. Because of the grave nature of the disease, 
definitive operative therapy should be considered earlier 
than is generally the case and must always be considered 
when bleeding is a prominent symptom during the course of 
nonoperative therapy. 

The incidence of massive bleeding in our series” was 
approximately 6%. All patients except one stopped bleed- 
ing before operation with therapy of rest, antacids, and 
elevation of the head of the bed. Most patients respond to 
nonoperative therapy, but if they do not respond within 12 to 
24 hours, operative intervention should be carried out. 
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Discussion 


JOHN L. Sawyers, MD, Nashville, Tenn: This is an interesting 
study that attempts to compare the results of variations in the 
technique of Nissen fundoplication based on a retrospective review. 
While a prospective, randomized study might lend more validity to 
the authors’ conclusions that an SFF is superior and that crural 
repair is unnecessary, their results seem convincing. I agree that a 
loose SFF is the way to go with this operation. 

I would like to comment on a technique not mentioned by the 
authors—the importance of dissecting the vagal nerve trunks away 
from the esophagus and not incorporating them into the fundic 
wrap. 

I have a few questions for the authors: 

What does Dr Shirazi think of adding proximal gastric vagotomy 
to a Nissen fundoplication? We do this if the patient has peptic ulcer 
disease or a history of it. 

I question the wisdom of having a fundoplication in the thorax. 
We have had too many complications from intrathoracic fundoplica- 
tion, including gastric perforation. A Colles’ gastroplasty enables 
the fundic wrap to be placed in the abdomen in almost all patients. 

Would the authors comment on the value of preoperative motility 
studies? We now think that esophageal manometrics and gastric 
motility studies give reliable information that may influence our 
operative management. Pyloric sphincter pressure measurements 
have indicated that some patients with reflux esophagitis have 
numerous episodes of pylorospasm. 

Two years ago, before this association, we reported our results 
with Barrett’s esophagus and advocated proximal gastric 
vagotomy and a Nissen fundoplication for these patients. Have the 
authors noticed any cases in which columnar epithelium reverted 
to squamous cell epithelium following fundoplication? 

In their opinion, does an antireflux procedure prevent premalig- 
nant changes associated with Barrett’s esophagus? 

I agree with the authors that most esophageal strictures 
secondary to reflux can be managed with dilation and an antireflux 
procedure. A Colles’ gastroplasty is frequently helpful in these 
patients. 

In conclusion, I thank Dr Shirazi for developing the competency 
water test that he described in 1975. This is a technique that we use 
routinely following a Nissen fundoplication, and it is indeed cost- 
effective. 

G. Ropert Mason, MD, Orange, Calif: I am curious if there 
were manometric studies run on the different groups of patients, 
those that had the LTF as opposed to the SFF, and whether this 
had anything to do with the recurrence of symptoms or the 
problems noted by the patients. 


I am also curious about whether the Barrett’s epithelium was 
checked before and after operation and whether you noticed any 
regression of this problem. 

LAWRENCE W. Way, MD, San Francisco: Can you tell us what 
you do if the water reflux measurements taken during surgery are 
positive? Also, is there any correlation between the results of that 
test and the late results? 

Dr SHIRAZI: Dr Sawyers, I do not really recommend routine 
proximal gastric vagotomy for treatment of reflux esophagitis if it 
is not associated with peptic ulcer disease. 

The route of thoracotomy and doing a Nissen fundoplication 
through the chest is not the preferred way in our experience, but 
there are some patients in whom that is the only way one can do a 
Nissen fundoplication. These patients are obese, and one really 
does not want to go through the abdomen. 

When we do go through the chest, we try to close the crura or 
reduce the Nissen fundoplication. However, if it is impossible to do 
so, we have left the fundoplication in the chest, and so far we have 
not had any trouble in our patients. 

In the first series that we reported in 1978, we did preoperative 
motility studies, and we still do motility studies if there is any 
doubt or if we believe that they are indicated. 

We are following up 35 patients who had Nissen fundoplications 
for Barrett’s epithelium. The first patient, who had a fundoplica- 
tion done by Dr Mason in 1966, had Barrett’s epithelium and is still 
alive, and carcinoma has not developed. So far, carcinoma has not 
developed in any of our patients with Barrett’s epithelium following 
Nissen fundoplication; however, the extent of the columnar epi- 
thelium in these patients has not regressed during follow-up. 

Therefore, I do not think it is clear at this time that Barrett’s 
epithelium reverts to normal epithelium in these people. In our 
experience, it has not. 

We are in the process of publishing our results for patients who 
have had Nissen fundoplications for Barrett’s epithelium and 
patients who have been treated nonoperatively by our medical 
colleagues. We have found four carcinomas in patients treated 
noneperatively and none in patients who had Nissen fundoplica- 
tions. 

We have been lucky or fortunate that none of our 82 patients who 
had a stricture needed any resectional therapy or Colles’ 
gastroplasty. Some of them, I might add, had severe strictures. 

I think I answered Dr Mason’s question regarding manometry, 
but we have not really compared manometry in patients who had 
SFFs and LTFs. 


In Other AMA Journals 


ARCHIVES OF OTOLARYNGOLOGY-HEAD & NECK SURGERY 

Partial vs Total Esophagectomy for Advanced Carcinoma of the Hypopharynx 
Jack L. Gluckman, MD; Mark C. Weissler, MD; Gerald McCafferty, FRCS, FRACS; Robert J. Black, FRCS, 
FRACS; William W. Coman, FRCS, FRACS; Timothy Cooney, FRCS, FRACS; Russell J. Bird, FRCS, 


FRACS 


Cancer of the hypopharynx is an aggressive disease with a poor prognosis irrespective of the therapeutic 
regimen instituted. Controversy centers around the extent of surgery required to adequately ablate the 
advanced cancers, particularly related to the role of esophagectomy. A literature review and analysis of 43 
cases of advanced hypopharyngeal cancer treated with total laryngopharyngectomy and partial esophagec- 
tomy support the argument that in carefully selected situations, a partial esophagectomy is oncologically an 
adequate operation (Arch Otolaryngol Head Neck Surg 1987;113:69-72). 
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Perforated Gastric Ulcers 


A Plea for Management by Primary Gastric Resection 


Gregory S. McGee, MD, John L. Sawyers, MD 


e One hundred one patients with perforated gastric ulcers 
have been treated at our institution during the past three 
decades. Ninety-one patients underwent operative repair, with 
a 24% mortality. A reduction in mortality and complications 
was realized when primary gastric resection, rather than patch 
closure, was performed. This could not be explained by selec- 
tion bias, as risk factor prevalence was equally distributed 
between these two groups. We conclude that primary gastric 
resection, with or without vagotomy, is the procedure of choice 
for repair of perforated gastric ulcers. Only intraoperative 
hemodynamic instability should limit operative selection to a 
faster, less definitive procedure. 

(Arch Surg 1987 ;122:555-561) 


he first successful operation for a perforated gastric 

ulcer was performed by Heusen in 1891, as reported by 
Kriege,' 11 years after Mikulicz’ failed attempt at simple 
closure.” In 1902, Keetley* outlined the principles of early 
diagnosis and operative intervention for perforated gastric 
ulcers, with either partial gastric resection, simple closure, 
or peritoneal toilet and drainage being performed in his 
patients. At that time, the modern techniques of fluid 
replacement and anesthesia were unavailable, and gastric 
resection resulted in prohibitively high morbidity and mor- 
tality. In 1987, Graham,‘ a champion of rapid simple closure 
in perforated ulcers, reported a 2% operative mortality in 51 
patients who underwent patch repair of perforated duode- 
nal ulcers. His charge to surgeons that “the patient be 
treated solely for the lesion creating the emergency” galva- 
nized surgical opinion in North America against longer, 
more definitive operations for perforated peptic ulcers. 

As anesthetic refinements, safe fluid/blood replacement, 
and hemodynamic monitoring became available in the late 
1950s, many surgeons undertook a reevaluation of the role of 
resectional repair in perforated ulcers.** Subtotal gastric 
resection, vagotomy and antrectomy, and vagotomy and 
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pyloroplasty were being performed with increasing fre- 
quency in a select group of “good-risk” patients. Non- 
operative therapy was also being used to treat perforated 
acute peptic ulcers with some success." In 1973, Jordan et al’ 
reported a reduction in recurrent symptoms and reopera- 
tions in patients who underwent resectional repair of perfo- 
rated gastroduodenal ulcers when compared with simple 
closure. The “high-risk” patients were still being excluded 
from definitive therapy, exposing them to the risks of 
postoperative hemorrhage from the ulcer bed, gastric 
outlet obstruction, and reperforation. In 1973, Rees and 
Thorbjarnarson® suggested that these high-risk patients 
should be afforded definitive correction of their gastric 
ulcer disease at the time of their original operation, avoid- 
ing the risks of complications and reoperations. 

This study was done to define our patient population with 
perforated gastric ulcers, to review our 30-year results in 
operative correction of this malady, and to set forth guide- 
lines for repair of this chronic disease. 


PATIENTS AND METHODS 


A chart review from 1955 through 1985 was performed to identify 
patients with perforated gastric ulcers who were seen at the 
Vanderbilt University and St Thomas hospitals, Nashville, Tenn. 
Confirmation of the site of perforation was made by reviewing 
operative and/or pathology reports. Patients were included in the 
operative mortality statistics if they died before hospital discharge 
while they were recovering from their ulcer repair, even if more 
than 30 days had elapsed from the original procedure. Operative 
results were tabulated for the entire series, for each decade within 
the series (1955 through 1965, 1966 through 1975, and 1976 through 
1985), for ulcer type,” and for selected operations. Follow-up data 
were obtained from the clinical evaluation of the patient, from the 
patient’s relatives, or from the referring physician. Evaluation was 
made with regard to the occurrence of pain, diarrhea, “dumping,” 
upper gastrointestinal (UGI) tract bleeding, vomiting, reopera- 
tion, and the cause of death. Statistical evaluation was performed 
with the use of Fisher’s exact test. 

One hundred one patients had perforated gastric ulcers, of whom 
91 received an operation. Reasons for nonoperative therapy in- 
cluded incorrect diagnosis (n= 5), severe hemodynamic instability 
(n=3), terminal renal failure (before dialysis) (n=1), and car- 
cinomatosis (n= 1). Patient ages ranged from 9 to 86 years, with a 
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Fig 1.—Use of omental patch for closure of perforated gastric ulcer. 


mean age of 57 years. Women slightly outnumbered men in the 
study, and whites greatly outnumbered blacks (91 to ten). 

The use of ulcerogenic drugs rose from 54% of patients in the first 
study decade to 87% of patients in the third study decade. Through 
the entire 30-year series, steroid use was documented in 20% of 
patients, salicylates in 27% (long-term use), and diuretics in 20%. 
Habitual cigarette smoking (more than one pack per day) was 
present in 48% of patients’ histories, and significant alcohol 
consumption was found in 19%. Six patients were receiving chemo- 
therapy for malignant neoplasms, and eight had rheumatoid 
arthritis. Intraoperative ulcer biopsy, performed in 72% of cases, 
revealed six malignant ulcers. Other significant medical illnesses 
that were being treated at the time of presentation included 
congestive heart failure (13%), hypertension (10%), and arrhythmia 
(5%). Only one patient was taking cimetidine hydrochloride prior 
to perforation. 

Presenting signs and symptoms in our series included abdominal 
pain (92%), emesis (75%), fever (46%), and hematemesis (24%). 
Hypotension at presentation was more common in the last ten 
years of the study than in the first ten years (48% vs 16%, 
respectively). Free intraperitoneal air was documented roent- 
genographically in 51% of the abdominal/chest x-ray films. No prior 
ulcer symptoms were presented in 52% of patients. 

Accurate documentation of time of ulcer perforation was 
unavailable in most cases; thus, our treatment delay was measured 
as time from first physician contact to anesthetic induction. 


RESULTS 


Ninety-one patients underwent operative intervention, 
slightly more within the first two decades of the study than 
the last (34, 36, and 21 patients, respectively). Operative 
mortality was 24%, without a reduction being realized 
during the last ten years of the study (1955 through 1965 
mortality, 24%; 1966 through 1975 mortality, 22%; and 1976 
through 1985 mortality, 28%). Women and men survived 
operative intervention equally well, while blacks fared 
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Fig 2.—Schoemaker modification of Billroth | gastrectomy. 


more poorly than whites (388% vs 23% mortality, respec- 
tively). Survivors who had undergone operative interven- 
tion were generally younger than nonsurvivors, with mean 
ages of 53 and 63 years, respectively. Treatment delay was 
10.5 hours in survivors and 11.5 hours in nonsurvivors. 
Ulcer size, documented in 75% of cases, was smaller in 
survivors when compared with nonsurvivors (1.6 vs 2.6 cm, 
respectively). Nonoperative therapy (ten patients) resulted 
in 100% mortality. 

Of the 91 patients who underwent operation, 51 had 
simple patch closure (PC), with or without excision of the 
ulcer margin (Fig 1), with an operative mortality of 29%. 
Primary gastric resection (PGR) to include the ulcer, with 
or without vagotomy, was performed in 27 patients, most 
often using a Billroth I reconstruction (Fig 2). Operative 
mortality in the PGR group was 15%. A Schoemaker 
modification of the Billroth I gastrectomy was used for 
perforated ulcers that were located high on the lesser 
curvature of the stomach (Fig 2). Three patients had 
parietal cell vagotomy performed, all of whom survived 
their hospital stay. The remaining ten patients had a variety 
of “other” operations as follows (the mortality in this 
“other” group was 40%): PC, vagotomy, and pyloroplasty 
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Table 1.—Risk Factor Prevalence and Operation* 


Prevalence, % 
—_-Y'“-—_ 


PGR Group PC Group 


30 
5 10 





Risk Factor 












Preoperative hypotension 22 
Congestive heart failure 1 


*No statistical difference in risk factor prevalence existed. PGR indicates 


primary gastric resection; PC, patch closure; and ICU, intensive care unit. 





Table 3.—Postoperative Complications of Ulcer Operations 
According to Preoperative Symptom Duration (N =80)* 







% of Ulcer Operations 










Acute Chronic 
Duration Duration 
—moa&a> cq 






PGR PC PGR PC 









Group Group Group Group 
Complication (n=12) (n=31) (n=15) (n=17) 
Gastric outlet obstruction 0 6.4 6.7 23 






Reoperation 0 16 6.7 29 
Mortality 25 30 6.7 23 


*Five patients with documented symptom duration had “other” operations. 
PGR indicates primary gastric resection; PC, patch closure; and UGI, upper 
gastrointestinal. 





(n=3); PC and pyloroplasty (n=3); tube gastrostomy 
(n=2); and PC and gastroenterostomy (n= 2). 

When the PGR group was matched to the PC group 
according to risk factor prevalence, similarities were ob- 
served in steroid use (18% vs 20%), diabetes (4% vs 6%), 
preoperative intensive care unit (ICU) presence (15% vs 
12%), preoperative hypotension (22% vs 30%), or congestive 
heart failure (15% vs 10%) (Table 1). Three patients in the 
PC group were being treated for malignancy, two of whom 
survived to be discharged. 

Postoperative complications, including UGI tract bleed- 
ing, gastric outlet obstruction, and reperforation, hap- 
pened within one month of operation in 70% of patients and 
within six months of operation in 90% of patients. The 
incidence of these complications was higher in the PC group 
than in patients having PGR (Table 2). Significant UGI 
tract bleeding (>3 U of blood given) occurred in 14% of the 
PC group, compared with only 4% of the PGR group. 
Gastric outlet obstruction developed in 14% of patients who 
underwent repair by PC, while it developed in only 4% of 
the patients treated by PGR. Reperforation afflicted 8% of 
patients after PC, though in none of the patients treated by 
PGR. A gastrocutaneous fistula developed after both a PC 
repair and a PGR; both closed spontaneously. Finally, 
nonelective reoperation was required by 20% of the patients 
having PC repair, though it was required in only 4% of 
patients who underwent repair by PGR. These statistics 


Arch Surg—Vol 122, May 1987 








Table 2.—Overall Postoperative Complications* 


Incidence, % 


Complication PGR Group PC Group 
Gastric outlet obstruction 4 14 


UGI tract bleeding 4 14 


Reperforation 0 8 


Reoperation 4 20 


Mortality 15 29 


*PGR indicates primary gastric resection; PC, patch closure; and UGI, 
upper gastrointestinal. 
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Fig 3.—Diagram demonstrating frequency of ulcer perforation at 
various locations. Numbers indicate number of patients with perfo- 
rated ulcer at this location. 


refer to complications occurring within the first six months 
after operation—those complications occurring later are 
included in the long-term follow-up. 

Preoperative ulcer symptom duration, classified as either 
acute (less than three months) or chronic (greater than 
three months), was documented in 88% of patients who 
underwent operative repair. Patients suffering from perfo- 
rated acute ulcers (n= 45) had a greater operative mortality 
than patients with perforated chronic ulcers (n=35) (29% 
vs 16%). Acute ulcer perforation was repaired more fre- 
quently by PC (n=31) than by PGR (n=12), with only a 
slight difference in operative mortality noted (32% vs 25%). 
However, patients with acute ulcer perforation had greater 
postoperative morbidity if repair was done by PC rather 
than by PGR (Table 3). Sixteen percent of acute ulcers 
repaired by PC required reoperation for various reasons, 
including gastric outlet obstruction (n= 2), UGI tract bleed- 
ing (n=2), and reperforation (n=1). Two other patients 
with acute ulcer perforation who developed UGI tract 
bleeding were treated medically, and both died. None of the 
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Table 4.—Postoperative Complications 
According to Type of Gastric Ulcer* 






Ulcer Type, % 










| (N=55) ll (N=3) lil (N=43) 
PGR PC PGR PC PGR PC 
Group Group Group Group Group Group 
Complication (n=21) (n=22) (n=3) (n=0) (n=4) (n=29) 
UGI tract 
bleeding 


Gastric outlet 
obstruction 0 4.5 


0 oe 25 21 


*PGR indicates primary gastric resection; PC, patch closure; and UGI, 
upper gastrointestinal. 














4.8 23 0 yT 0 6.8 







12 patients treated by PGR for acute ulcer perforation 
developed UGI tract bleeding, gastric outlet obstruction, 
or reperforation, and none subsequently required reopera- 
tion. 

Perforated chronic gastric ulcers were repaired with 
almost equal frequency by PC (n=17) and PGR (n=15), 
with lower operative mortality seen after PGR (PC, 23%; 
PGR, 7%). Repair of chronic ulcer perforation by PC 
resulted in greater morbidity than repairs using PGR, with 
nearly 30% of the PC group requiring nonelective reopera- 
tion for various reasons, which included reperforation 
(n=2), gastric outlet obstruction (n=2), and UGI tract 
bleeding (n=1). Four patients with chronic ulcer perfora- 
tion repaired by PC developed complications that were 
managed medically. These included two patients with UGI 
tract bleeding and two with gastric outlet obstruction. 
Primary gastric resection resulted in a 6.7% incidence of 
reoperation, with only one patient having UGI tract bleed- 
ing and one developing gastric outlet obstruction. 


Classification of Ulcer Types 


Ulcers in our series were grouped according to Johnson’s 
classification”: type I, ulcers in the body of the stomach 
without abnormalities of the prepyloric, pyloric, or duo- 
denal region; type II, ulcers in the body of the stomach 
combined with an ulcer or its scar in the pylorus or duo- 
denum; and type III, ulcers within 3 cm of the pylorus 
without duodenal ulceration or scarring (Fig 3). Type I 
ulcers accounted for 55% of ulcers in our series, with type 
III ulcers present in 43% of cases. Only three type II ulcers 
were identified. Type I ulcers, independent of reparative 
method, developed more postoperative bleeding (14% vs 
6%) and less gastric outlet obstruction (2.3% vs 21%) than 
type III ulcers. Mortality, however, was noted to be quite 
similar between patients with types I and II ulcers (25% vs 
24%) (Table 4). 

Type I ulcers were repaired 78% of the time by either PC 
(n= 22) or PGR (n= 21), with both mortality and complica- 
tion rates being higher in the PC group. Type II ulcers were 
repaired by PGR (n=3), without any complications or 
mortality. Type III ulcers had either PC (n=29) or PGR 
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(n= 4) used for repair in 77% of cases, with no mortality in 
the PGR group. Patch closure resulted in 24% mortality, 
with gastric outlet obstruction developing in 21% of cases 
and reoperation required in 17% of patients. 


Follow-up 


Long-term follow-up was completed in 38 of the 70 
patients who survived operative therapy, with a mean 
follow-up period of 11.4 years. The longest survivor was 
alive and asymptomatic 29 years after PC. The shortest 
follow-up was ten months. Complications were included in 
long-term data accumulation if they occurred more than six 
months after the patient’s initial presentation with perfora- 
tion; otherwise, they were used in the tally of postoperative 
morbidity statistics previously reviewed. 

A history was obtained with regard to 23 patients who 
survived PC, 16 of whom had died in the interim. Cause of 
death was most commonly given as myocardial infarction in 
this group, with no patient dying of gastric carcinoma or of 
complications of their ulcer disease. Upper gastrointestinal 
tract bleeding did occur in one of these 16 patients nine 
years after his ulcer repair, which required prolonged 
hospitalization and contributed to his nursing home place- 
ment. Reoperation was required in two patients, one of 
whom developed gastric outlet obstruction one year after 
his original ulcer repair. This was remedied with the use of a 
partial gastric resection with vagotomy, giving the patient 
six years free from symptoms before death. Nine of these 16 
patients had remained asymptomatic after operation until 
the time of their death. 

Seven patients were living an average of 17 years after 
having a PC repair performed. Six of these patients were 
asymptomatic; one patient, however, complained of occa- 
sional epigastric pain. Endoscopic examination of this pa- 
tient revealed no evidence of gastroduodenal ulceration. 

Fifteen patients in whom initial repair was by PGR were 
located for follow-up, with a mean follow-up period of 10.5 
years. Eleven of these patients had died, though no death 
was attributed to gastric carcinoma or ulcer complications. 
Three of these 11 patients had complained of occasional 
postprandial epigastric pain, two of whom had had normal 
UGI tract endoscopic findings. One patient had noted only 
mild diarrhea that had not interfered with normal activity, 
and one patient had survived UGI tract bleeding from 
“gastritis.” None of these 11 patients had complained of 
dumping or had undergone reoperation. 

Four patients were alive after PGR repair, with a mean 
follow-up interval of 15 years. One patient complained of 
mild dumping after eating chocolate, one had a marginal 
ulcer that had healed with conservative therapy, and two 
remained asymptomatic. 


COMMENT 


Perforated gastric ulcer continues to be a catastrophic 
illness associated with significant morbidity and mortality. 
The overall mortality rate of 32% and operative mortality of 
24% are similar to findings of other authors, underscoring 
the need for rapid and appropriate surgical management.*” 
Nonoperative therapy for acute gastric ulcer perforation 
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Table 5.—Mortality Related to Date of Operation* 


Mortality, % (Rate) 


p_e, 







Operation 1955-1965 1966-1975 1976-1985 
PGR 9.1 (1/11) 20 (2/10) 17 (1/6) 
PC 30 (7/23) 17 (3/18) 50 (5/10) 





*PGR indicates primary gastric resection; PC, patch closure. 


Table 6.—Risk Factor Prevalence Related to Date of Operation 


Prevalence, % 


Risk Factor 1955-1965 1966-1975 1976-1985 
Steroid use 

Diabetes 

Preoperative ICU presence* 


Preoperative hypotension 


Congestive heart failure 
Chemotherapy 
Salicylate use 


*ICU indicates intensive care unit. 


has an unacceptably high mortality rate and deserves no 
place in the care of these desperately ill patients.°"” 

A failure to achieve a reduction in operative mortality 
during the last ten years of the study is cause for concern 
(Table 5). However, we do not think that the slight rise in 
mortality rate resulted from worsening perioperative man- 
agement or surgical skills, as similar attending physicians 
using improved hemodynamic monitoring cared for these 
patients. Rather, a changing patient population was pre- 
senting in a more precarious condition. These patients were 
more often hypotensive, confined to ICUs, and suffering 
from concurrent disease. Recently, more patients who have 
received chemotherapy for malignant disease, steroids for 
transplant immunosuppression and autoimmune disorders, 
and long-term high-dose salicylates for inflammatory condi- 
tions have survived following resuscitative efforts and pre- 
sented with perforated gastric ulcers (Table 6). As a group, 
these patients may be considered at high risk. The simplest 
reparative procedure would appear to be indicated, but 
because these patients cannot change their need for ul- 
cerogenic medications, many suffer severe postoperative 
complications. It is our opinion that these high-risk patients 
benefit from definitive operation that corrects their ulcer 
diathesis and protects against recurrent ulcer disease. 

In this group of patients, PGR resulted in a lower rate of 
postoperative complications, reoperations, and mortality 
than PC. Other authors have had similar results, though 
these were frequently credited to patient selection.*” This 
potential selection bias was not present in our series, since 
the incidence of steroid use, diabetes mellitus, congestive 
heart failure, preoperative hypotension, and ICU presence 
was similar in the PC and PGR groups. 

Acute ulceration (less than three months’ symptom dura- 
tion) with perforation has often been treated by simple 
closure, under the assumption that acute ulceration would 
seldom become chronic and lead to complications requiring 
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more definitive treatment.*" Chalstrey” disagreed with 
this concept, stating that “all gastric ulcers that do perfo- 
rate are of the chronic type.” In our series, acute ulcers, as 
defined above, were better managed by PGR rather than 
PC, with less postoperative bleeding (0% vs 18%) and fewer 
nonelective reoperations (0% vs 16%). 

The concept that perforated chronic gastric ulcers are 
best managed by PGR with or without vagotomy was also 
supported by findings from our series. Fewer instances of 
bleeding, gastric outlet obstruction, reperforation, reop- 
eration, and death were found after PGR repair rather than 
PC. The mortality from surgical treatment of chronic ulcers 
was less than the mortality after treatment of acute ulcers. 
This might result from increased awareness of potential 
complications, leading patients with chronic ulcers to seek 
medical care at an earlier date. 

The relationship between delays in diagnosis and treat- 
ment and operative mortality was difficult to ascertain in 
our series because of poor documentation of the time of 
probable ulcer perforation. Mortality was not related to 
delays in treatment once the patient had been seen by a 
physician, even though these delays were at times exagger- 
ated by an incorrect initial diagnosis. Cohen” demonstrated 
that a delay in treatment was directly related to mortality 
and that this delay was more common in both women and the 
elderly. 

Like most other authors,” we found that the age of 
patients with perforated ulcers influences mortality. In our 
series, patients younger than 60 years of age (n= 51) had an 
18% mortality, while those older than 60 years (n= 50) had a 
42% mortality. Kurata et al” demonstrated a greater mor- 
tality in men when compared with women with gastric ul- 
cers, though our series demonstrated no such bias. Our 
male-female incidence ratio of near unity was similar to the 
ratio for gastric ulcer prevalence noted by Kurata and col- 
leagues, a result of a growing female cohort of patients 
suffering from the spectrum of gastric ulcer disease. Per- 
haps this reflects women’s increasing longevity and more 
frequent use of ulcerogenic drugs (salicylates and to- 
bacco).” 

Gastric mucosal exposure to certain drugs has been 
linked to gastric ulceration and hemorrhage,” though the 
association between ingestion and perforation is less se- 
cure.” Jorgensen” demonstrated that, when carefully ques- 
tioned, many (82%) of his prospective series of 22 patients 
with perforated peptic ulcers had been taking ulcerogenic 
drugs. This percentage approximates our value for long- 
term ingestion of uleerogenic drugs, which was found to be 
rising over the course of our study. Perhaps the loss of the 
cytoprotective effect of prostaglandins E, and I,, whose 
production by gastric mucosa has been shown to be inhib- 
ited by aspirin and hydrochloric acid, plays an important 
role in ulcer formation and propagation by autodigestion.” 

Definitive operation to reduce acid secretion reduced the 
number of postoperative complications. Primary gastric 
resection also has the advantage of removing the entire 
ulcer for histologic examination, thus avoiding a missed 
diagnosis of gastric cancer. While some reports state that 
6% or more of perforated gastric ulcers are cancer,” we 
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found that none of our perforated gastric ulcers were adeno- 
carcinomas (6% were lymphomas or lymphosarcomas). 
The size of the gastric perforation has been directly 
related to mortality,” a finding confirmed in our series. This 
could be related to the severity of the original ulcer process, 
with more extensive destruction of the gastric wall occur- 


ring prior to perforation in patients with more severe ulcer 
disease, leading to more rapid enlargement of the perfora- 
tion, profuse acid spillage, hypovolemia and ischemic organ 
damage, and death. The size of the perforation may depend 
on the elapsed time from perforation to operation, a factor 
found in other studies” to be directly related to mortality. 
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Discussion 


JACK PICKLEMAN, MD, Maywood, III: This is a very important 
article for gastrointestinal surgeons. To paraphrase the E. F. 
Hutton line: “When Dr Sawyers and the Vanderbilt group speak 
about gastric surgery, we had all better listen.” 

I think we can all agree on the treatment for the patient with a 
chronic gastric ulcer that perforates. There are many reasons to do 
a definitive ulcer operation in this group, for they have an underly- 
ing disease that is ultimately going to require operation. 

This article has shown us that the mortality and morbidity rates 
are similar. It has shown us the frequent failure of the patch alone, 
and of course, there is also the potential problem, which was not 
seen in this series, of missing a perforated gastric carcinoma, much 
to the chagrin of the patient, the surgeon, and the surgeon’s 
attorney. 

The real contribution of this article, I think, is in the treatment of 
the patient with an acute perforated gastric ulcer. Those are the 
patients whom we are seeing in the ICU setting often with sepsis, 
receiving steroids, or having had cancer chemotherapy. 

This article shows us that this group will enjoy a decreased 
mortality, decreased morbidity, and decreased ulcer recurrence 
rate with a definitive operation. 

Having said all of that, and I agree with this article, I think it is 
going to be a tough sell. 

If you look at the literature today, there are dozens of articles 
advocating definitive operation for patients with perforated duo- 
denal ulcer, and while I think each of us here would agree in 
principle with that, what happens in reality is that these patients 
come at awkward times and under emergency circumstances. In 
each patient, I think we all search for reasons not to do a definitive 
operation—it’s been too long a delay, there is a little exudate 
around, etc—so that the result of our practice is that most of us end 
up patching many more patients than we do definitive operations 
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on for perforated duodenal ulcer, a subject about which the data in 
the literature are very clear. We should be doing the opposite. 

So if that is the case with duodenal ulcer, how are we going to sell 
a definitive operation for gastric ulcer when this wealth of data in 
the literature has not changed our practice in duodenal ulcer? 

I would be very appreciative if the authors could address what 
selling techniques they are going to use nationally for this proce- 
dure. 

WILLIAM W. TuRNER, JR, MD, Dallas: I wonder if the authors 
would tell us how they handle perforations of proximal gastric 
ulcers, whether they perform a proximal gastrectomy or other 
“definitive” gastric resection. Second, the authors might describe 
the reasons for mortality in the patients with PC. 

GILBERT HERMANN, MD, Denver: One category of patients that 
you did not discuss very much were those whose perforations were 
secondary to nonsteroidal anti-inflammatory drugs. 

We have an arthritis unit in our hospital and thus see a fair 
number of patients with this category of etiology of perforation. 
What we have done with this group is merely wedge out the ulcer, 
particularly ifit is on the greater curve, and that is all. We have had 
good luck with this therapy rather than performing any other 
definitive ulcer surgery. I wonder if these patients might fall into a 
different category from the series that you presented today. 

CLAUDE H. ORGAN, JR, MD, Oklahoma City: I support the 
concept that Dr Sawyers and the Vanderbilt group have espoused 
and draw your attention to the fact that the Vanderbilt group has 
had an unusually large experience with ulcer surgery. I am 
particularly impressed that our current resident staff is not 
obtaining a wealth of gastric operative experience. We should 
consider this gap. 

It is surprising that in only 50% of your patients this is their first 
evidence of having an ulcer. We have found that the chronicity of 
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this disease is a little different and that the patients are highly 
symptomatic. Therefore, I am a bit surprised with the high 
incidence of first-time symptom occurrence. 

Dr Lippen and I did some longitudinal studies on duodenal ulcer 
PCs and extended the follow-up of these PCs for 20 years. We found 
that in the PCs for duodenal ulcer perfusion, 48% of the patients 
returned with another complication, reperforation, or had had 
more than three hospitalizations in the study period. We reviewed 
these results to determine the natural history of the PC. We need a 
similar study for gastric ulcer. 

What is important about this article is that it deals with the 
underlying disease process, something that PC does not do. I think 
this is important because gastric ulcer is much more difficult to 
cure surgically than duodenal ulcer. I believe Dr Sawyers is 
addressing the chronic peptic ulcer because gastric ulcer is a 
multivariant disease. 

I think it is going to be easy to sell this procedure because gastric 
resection for gastric ulcer is much easier than it is for duodenal 
ulcer. With the use of staplers using the Schoemaker Billroth 
modification, this operation is shorter. One easily can handle the 
lesser curvature. If the duodenum is safer for closure, it is safe for 
anastomosis. 

LAWRENCE W. Way, MD, San Francisco: I think one of the 
important points made by the authors was that the spectrum of 
disease may be different than it was 20 to 30 years ago, when we 
were seeing so many more patients with ulcers. Therefore, it may 
be inappropriate to base advice concerning how to treat patients 
today on the experience of the 1950s and 1960s. 

For example, we looked at our recent experience with perforated 
ulcer disease and found, as in the present series, that patients did 
not fare as well with PC, as was said to be the case in the past. So I 
agree entirely with Dr Sawyers’ message: in the average case, 
something definitive (ie, an acid-reducing procedure) should be 
performed in addition to closing the perforation. 

How should one manage an elderly patient who has cardiac 
disease, is inthe ICU for still another problem, and then develops a 
perforated ulcer? Does your recommendation for a gastrectomy 
still hold under these circumstances, or would you consider closing 
the perforation and performing a vagotomy and pyloroplasty 
or a parietal cell vagotomy? I notice that a few vagotomies were 
done in your patients, and I think this is the best choice in some 
instances. 


Dr SawvErs: Dr Pickleman accurately depicts the current state 
of the art in the management of patients with perforated peptic 
ulcer disease. It is because we disagree with the concept of simple 
closure that we thought this article would be of interest. 

Dr Turner, we have been able to handle the perforated high line 
gastric ulcer by the Schoemaker modification of the Billroth I 
gastrectomy in all except one patient who underwent a total 
gastrectomy and did well following that procedure. 

The reasons for mortality in the patients who died were, in order 
of frequency: (1) sepsis and (2) myocardial infarction. 

Dr Hermann, all but one of our patients who had a perforated 
gastric ulcer because of ulcerogenic medications were receiving 
salicylates and that other patient was receiving piroxicam (Fel- 
dene). We do not think they fall into a special category because 
most of these patients will have to continue receiving such medica- 
tions and, therefore, will benefit from a definitive procedure to 
control their ulcer diathesis. 

I appreciate the comments of Drs Organ and Way and their 
support for our concept. 

Dr Way accurately pinpoints the challenging patient who is in 
the older age group, has concurrent disease, is in the ICU, and 
who is hemodynamically unstable when he comes to the operating 
room. 

Dr McGee pointed out that this is the one instance in which we 
would advocate simple closure. We have added proximal gastric 
vagotomy in three such patients and all three survived. 

The type of patient coming to the surgeon for operative treat- 
ment has changed dramatically in the past few years. Histamine 
antagonist and proximal gastric vagotomy should have reduced the 
operative mortality. However, other advances in medicine have 
prolonged life so that patients with concurrent serious diseases are 
living long enough, especially in our ICU, to develop complication 
of peptic ulcer disease, namely, perforation and hemorrhage. 

While it would seem that a simple quick operation would be 
indicated in these patients, such is usually not the case. These 
patients must continue receiving chemotherapy, steroids, and 
high-dose ulcerogenic medications; this study would indicate that 
more such patients will survive only if the definitive operation to 
control the ulcer diathesis is performed. 

This concept was proposed by Dr George Jordan, past president 
of this Association, in 1973. George is a wise man, and I have finally 
learned to listen to him. 
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ARCHIVES OF INTERNAL MEDICINE 


Antireflux Treatment for Asthma: Improvement in Patients With Associated Gastroesoph- 


ageal Reflux 


Philip C. Harper, MD; Arthur Bergner, MD; Michael D. Kaye, DM, FRCP 


Fifteen patients with both nonallergic asthma and symptomatic gastroesophageal reflux were studied 
before and after an eight-week period of vigorous antireflux therapy, which included ranitidine hydrochloride, 
150 mg twice a day. Pulmonary and esophageal symptoms were recorded on daily diary cards. Therapy was 
associated with prompt amelioration of reflux symptoms and with a less dramatic and more delayed 
improvement in pulmonary symptoms. Objectively, esophageal erosions healed completely in eight of the ten 
patients who had them at the beginning of the trial, and pulmonary function measurements improved 
significantly. Intraesophageal infusions of physiologic saline and 0.1N hydrochloric acid in patients and healthy 
controls did not significantly alter pulmonary function, as measured by standard spirometry. There is a subset 
of patients in whom bronchoconstriction is triggered by gastroesophageal reflux. Treatment of reflux in such 
patients may improve their asthma (Arch Intern Med 1987;147:56-60). 
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Presentation and Perioperative Management 


of Arterioportal Fistulas 


William E. Strodel, MD; Frederic E. Eckhauser, MD; John H. Lemmer, MD; 


Walter M. Whitehouse, Jr, MD; David M. Williams, MD 


è Arterioportal fistulas (APFs) are usually traumatic in 
origin and may result in portal hypertension and its complica- 
tions. Over six years, six patients (aged 20 to 59 years) 
presented with APFs. Two APFs developed after percutaneous 
liver biopsy, but only one was complicated (hemobilia). Neither 
patient was treated operatively. Four APFs occurred two days 
to three years after gunshot wounds. Three patients presented 
with gastrointestinal tract hemorrhage. All patients had ab- 
dominal bruits. Two patients underwent primary repair. One 
patient underwent APF resection and replacement of the 
superior mesenteric artery with autogenous vein. Another 
patient underwent APF and bowel resection. Three patients 
survived. One patient died of liver failure. The development of 
an abdominal bruit in a patient with penetrating abdominal 
trauma suggests APF and should prompt angiography. Elec- 
tive repair is recommended before complications of portal 
hypertension develop. 

(Arch Surg 1987;122:563-571) 


rteriovenous fistulas (AVFs) are simple anatomic le- 
sions that may produce a variety of physiologic and 
pathologic changes, resulting in several combinations of 
signs and symptoms. Arteriovenous fistulas in the portal 
circulation are unusual and even more interesting and 
challenging because they are relatively inaccessible, are 
frequently adjacent to anatomically important structures, 
produce innumerable large collateral vessels, and fre- 
quently involve the central blood supply to the gut and/or 
liver. Operative treatment may consist of simple excision or 
ligation or may involve massive blood loss and require 
ingenious methods of vascular reconstruction. The clinical 
presentation of these lesions varies from congestive heart 
failure to portal hypertension with resultant gastroin- 
testinal tract hemorrhage, ascites formation, and liver 
failure. 

Only 30 cases of arterioportal fistulas (APF's) caused by 
abdominal trauma have been reported.’” This study was 
undertaken to present our experience with six cases of APF 
and to review the literature on this subject. 


PATIENTS AND METHODS 


The case records of all patients with a diagnosis of AVF between 
the systemic arterial system and the portal venous system were 
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reviewed. Specific attention was given to the clinical presentation, 
the interval between the injury and the diagnosis of APF, the 
treatment, the preparation (if any) of the patient for the operating 
room, and the outcome. 

Six patients were identified, four men and two women. Trauma 
was the cause of the APF in four cases, and all of these patients 
underwent operation. Two patients developed APF following 
percutaneous biopsy of the liver. Both patients had neoplasms, and 
neither patient underwent operative treatment of the APF. 


REPORT OF CASES 


CASE 1.—A 27-year-old man sustained a gunshot wound to the 
midabdomen and underwent operative exploration. A transverse 
colostomy was performed, and a hematoma at the base of the trans- 
verse mesocolon was observed. The hematoma was not expanding 
and was therefore not disturbed. On the second postoperative day, 
an abdominal bruit developed. Three days later, a visceral an- 
giogram demonstrated a fistula between the superior mesenteric 
artery (SMA) and the superior mesenteric vein (SMV) (Fig 1). 
Fifteen days after the initial injury, the patient underwent reoper- 
ation and the fistula was resected. In preparation for the proce- 
dure, angiographic balloon catheters were percutaneously placed 
at the orifices of the SMA and celiac trunk for temporary control of 
arterial inflow through these vessels. Two holes in the SMV were 
sutured. A through-and-through hole found in the SMA was 
reconstructed with a reversed segment of autologous saphenous 
vein. At the conclusion of the procedure, good flow through the 
SMA graft was confirmed by Doppler examination. Estimated 
blood loss was 2200 mL. Autotransfusion was not required. 

The postoperative course was uneventful. The abdominal bruit 
was absent. A repeated mesenteric angiogram, obtained three 
days before discharge, showed that the interposed vein graft was 
occluded and that the distal SMA system was supplied through a 
large marginal artery originating from the inferior mesenteric 
artery. Two months later, the patient underwent colostomy closure 
without complication and was discharged on the fifth postoperative 
day. Follow-up at three years showed that the patient continued to 
be well. 

CasE 2.—A 24-year-old woman was hospitalized with com- 
plaints of nausea, vomiting, severe abdominal pain, and a history of 
six to seven loose dark bowel movements per day. Her medical 
history was significant for a gunshot wound to the upper part of the 
abdomen four years earlier. At the initial operation, a cholecystec- 
tomy with ligation of bleeders was performed. 

Physical examination at the time of the most recent admission 
demonstrated mild ascites, hepatic enlargement, and an upper 
abdominal bruit. Over three days, intravenous hydration resulted 
in increased ascites. The patient developed hematemesis requiring 
11 U of packed red blood cells and 5 U of fresh-frozen plasma over 
six days. At the onset of gastrointestinal tract hemorrhage, a 
Blakemore tube was inserted and both balloons were inflated. Two 
attempts to deflate the balloons failed because of continued unre- 
sponsiveness to injection sclerotherapy. A visceral angiogram was 
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Fig 1.—Case 1. Superior mesenteric artery (SMA) injection demon- 
Strating small pseudoaneurysm (arrowhead) of SMA and fistula 
between SMA and superior mesenteric vein. 


obtained in preparation for operation. This study showed a pseudo- 
aneurysm of the common hepatic artery just proximal to the origin 
of the gastroduodenal artery and an AVF between the hepatic 
artery and the portal vein (Figs 2 and 3). Angiographic balloon 
catheters were placed at the SMA and celiac orifices at the time of 
the angiogram, and the patient was transferred directly to the 
operating room. At operation, numerous dense adhesions and 
collateral vessels were encountered. The fistula was divided, the 
pseudoaneurysm resected, and the common hepatic artery ligated. 
Arterial inflow to the liver was maintained through the SMA, 
pancreatoduodenal branches, and the gastroduodenal artery. An 
intraoperative angiogram demonstrated a patent proper hepatic 
artery after repair of the fistula. Estimated blood loss was 34000 
mL. Autotransfusion of 24000 mL of shed blood reduced the 
volume of nonautologous blood infused to 10000 mL. 

A postoperative angiogram showed continued patency of the 
arterial inflow to the liver (Fig 4). The patient was discharged on 
the 12th postoperative day and was alive and well with normal liver 
function 18 months after fistula division. 

CasE 3.—A 20-year-old man presented with a six-month history 
of weight loss, anorexia, and shaking chills. Eleven days before 
admission, he noted the gradual onset of nausea and vomiting 
associated with lower abdominal pain. After admission to the 
hospital, he developed upper and lower gastrointestinal tract 
bleeding requiring numerous transfusions. Sigmoidoscopy showed 
evidence of ischemic mucosa. Serum bilirubin levels increased 
rapidly, and a diagnosis of disseminated intravascular coagulopa- 
thy was made. His abdomen became markedly distended with 
ascites, and an ileus developed. Two years earlier, a gunshot wound 
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Fig 2.—Case 2. Celiac injection and early film demonstrating 
pseudoaneurysm (arrowhead) of common hepatic artery and fistula 
between hepatic artery and portal vein. Note presence of Blake- 
more tube with gastric balloon inflated and bullet fragment. 





Fig 3.—Case 2. Celiac injection and later film demonstrating 
marked dilatation of extrahepatic portal venous system. 


to the upper part of the abdomen had resulted in splenectomy and 
oversewing of multiple enterotomies. 

The patient was transferred to our institution. On physical 
examination, the upper part of the abdomen was distended and a 
loud bruit was heard in the left upper quadrant. Visceral angiogra- 
phy demonstrated a fistula between the aorta and the portal vein 
(Figs 5 and 6). At operation, the patient had massive collateral 
vessels around the large fistula. Attempts to repair the fistula 
primarily were unsuccessful, and the feeding vessels were ligated. 
Estimated blood loss was 31900 mL. Autotransfusion of 11000 mL 
of blood was used. Postoperatively, the patient developed progres- 
sive hepatic and renal failure and died on the third postoperative 
day. 

At autopsy, advanced venous congestion and hemorrhage of the 
small intestine, mesentery, colon, pancreas, and bladder were 
present. There was also focal mucosal necrosis of the small 
intestine and colon. The hepatic arteries were of normal caliber and 
were patent. The SMV from the point at which it joined the inferior 
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Fig 4.—Case 2. Postoperative angiogram with superior mesenteric 
artery injection demonstrating filling of proper hepatic artery via 
pancreaticoduodenal arcades and gastroduodenal artery. Arterior- 
rhaphy was performed at origin of gastroduodenal artery (ar- 
rowhead) and common hepatic artery was ligated. 


mesenteric vein to the point at which it joined the splenic vein was 
markedly dilated, with a maximal diameter of 3 cm. No fistulous 
connections between the systemic arteries and the portal system 
were identified. Histologic examination of the liver demonstrated 
enlarged portal triads with tortuous dilated and thickened portal 
veins. 

CASE 4.—A 23-year-old man presented with hematochezia. On 
physical examination an epigastric bruit was audible. Three years 
earlier, the patient had sustained a gunshot wound to the upper 
part of the abdomen. At operation at that time, only a hematoma at 
the base of the small-bowel mesentery and two enterotomies were 
found. The hematoma was not entered, and the holes in the small 
bowel were closed. 

During the most recent admission, esophagogastroscopy gave 
normal findings and visceral angiography demonstrated a fistula 
between the middle colic artery and vein. Operative treatment 
consisted of resection of the fistula and a segment of transverse 
colon. The patient was discharged on the seventh postoperative 
day and was well four years later. 

CASE 5.—A 48-year-old woman developed diffuse mixed his- 
tiocytic lymphoma. After an extensive evaluation that included 
percutaneous liver biopsy, she was treated with chemotherapy and 
irradiation. Three days later she noted progressive fatigue, leth- 
argy, and abdominal distention. She also described an aching 
abdominal pain that radiated to the back. 

Physical examination demonstrated splenomegaly, marked as- 
cites, pitting edema of the lower extremities, and guaiac-positive 
stool. Esophagogastroduodenoscopy showed gastritis and esoph- 
agogastric varices. Histologic examination of a liver biopsy spec- 
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Fig 5.—Case 3. Lateral aortogram and early film demonstrating 
fistula (arrowhead) between proximal superior mesenteric artery 
and portal vein. 


imen showed relatively normal architecture with only mild 
sinusoidal dilatation. Transfemoral visceral angiography showed 
thrombosis of the main portal vein. The right hepatic artery 
originated from the SMA. An AVF was present between the 
replaced right hepatic artery and the right branch of the portal 
vein (Fig 7). The mesenteric venous flow was hepatofugal through 
the left gastric and splenic veins to gastric varices and unnamed 
retroperitoneal collaterals. 

The patient remained relatively asymptomatic. Results of liver 
function studies were normal, and she had no evidence of gastroin- 
testinal tract blood loss. The ascites was easily controlled with 
medication. 

CASE 6.—A 59-year-old man underwent abdominoperineal re- 
section for adenocarcinoma of the rectum. Two years later he 
developed perineal pain and was evaluated by computed tomogra- 
phy. The scan showed a pelvic mass and lesions in the liver 
consistent with metastases. At operation, there was no tumor in 
the pelvis, and needle biopsy of a mass in the liver hilum demon- 
strated metastatic adenocarcinoma. 

Two months after the second operation, the patient developed 
bleeding per the colostomy. Esophagogastroscopy showed bleed- 
ing from the orifice of the ampulla of Vater. The patient received 
6 U of packed red blood cells over two days. Visceral angiography 
demonstrated a right hepatic artery originating from the SMA, a 
l-em aneurysm with an APF arising from the middle hepatic 
artery, and extravasation of contrast medium into the left hepatic 
duct (Fig 8). The bleeding stopped spontaneously, but the fistula 
persisted. Multiple liver metastases were also noted. The fistula 
was not treated, and the patient underwent placement of a hepatic 
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Fig 6.—Case 3. Anteroposterior projection and superior mesen- 
teric artery injection demonstrating fistula (arrowhead) between 
Superior mesenteric artery and portal vein near confluence of 
superior mesenteric vein branches. 


arterial catheter for infusion chemotherapy. At the time of opera- 
tion, there was no evidence of portal hypertension and the catheter 
was placed without difficulty. The patient died 18 months later of 
metastatic adenocarcinoma without signs or symptoms of portal 
hypertension. 


COMMENT 


Arteriovenous fistulas in the portal circulation are rare 
but usually curable causes of portal hypertension. If the 
fistula remains undiagnosed and the patient is presumed to 
have another cause of portal hypertension, liver failure may 
ensue and become irreversible despite successful division of 
the fistula. The etiology of the fistula, its location, the 
length of time it is present, and the overall condition of the 
patient determine the type of treatment and the immediacy 
of treatment. 


Etiology 


The etiology of APF is varied; reported causes include 
trauma, erosion of arteriosclerotic aneurysms into the 
portal system, iatrogenic complications of diagnostic and 
therapeutic procedures, congenital lesions, erosion of my- 
cotic aneurysms, arteriovenous shunting within neoplasms, 
and spontaneous development of a fistula. While it is 
unusual for a splanchnic artery aneurysm to erode into the 
portal circulation, this is probably the most common cause 
of the development of an APF. Traumatic causes are the 
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Fig 7.—Case 5. Superior mesenteric artery injection demonstrating 
replaced right hepatic artery, thrombosis of distal portion of portal 
vein, and fistula between right hepatic artery and right branch of 
portal vein (arrowhead). 





Fig 8.—Case 6. Selective injection of middle hepatic artery demon- 
Strating fistula (arrowhead) between artery and portal vein 
branches. 


second most common and iatrogenic causes are third. 
Congenital, mycotic, neoplastic, and spontaneous causes 
are supported by isolated case reports.'™ 

Over 1600 splanchnic artery aneurysms have been re- 
ported in the surgical literature. All of the named arteries in 
the gastrointestinal tract have been reported to develop an- 
eurysmal dilatation and are therefore a potential source of 
APF formation. The majority are arteriosclerotic or sec- 
ondary to juxta-arterial inflammatory conditions such as 
pancreatitis. Rare mycotic aneurysms have been reported. 
Like aneurysms in other anatomic locations, splanchnic 
aneurysms can thrombose, embolize, erode, or rupture. 
Erosion into the gastrointestinal tract occurs commonly, 
but erosion into an adjacent vein is rare. Several cases of the 
latter complication have been reported, and some authors 
believe that erosion of splanchnic artery aneurysms into the 
portal venous system is the most common cause of APF. 

In 30 cases reported in the literature,* trauma was 
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Table 1.—Summary Data From Reports of 30 Patients With APF Caused by Abdominal Trauma* 









Patient/ 
Source, y Sex/Age, y Artery Vein Cause Treatment Status 
Nusselt,'* 1947 1/M/27 SMA SMV Shrapnel Division, 1° repair A 
Cohen and DeBakey,? 1960 2/M/32 H, R P, IVC GSW 1° repair A 








Stone et al,?' 1965 5/M/22 SPL P GSW 1° repair A 
Ryan and Lorber,'® 1968 7/M/61 H P GSW PC shunt A 
Little et al,’ 1968 8/M/19 A P GSW 1° repair A 
Varner and Oliver,?™ 1969 9/M/20 J J GSW Ligation A 
Smith and Stone,'? 1970 12/M/34 GE SPL GSW Excision A 

13/M/20 SPDA SPL GSW Ligation A 

14/M/52 J J Blunt Excision, bowel resection A 
Tanenbaum et al,?3 1970 16/M/23 J J SW Excision, bowel resection A 
Hunt et al,? 1971 18/M/53 SMA SPL SW Division, vein patch A 

19/M/26 SMA SMV GSW SMA patch, vein ligated A 

20/M/13 A GSW 1° repair A 
Fullen et al, 1971 21/M/21 SMA SMV GSW Bowel resection D 
Brunner and Stanley,? 1973 22/M/15 SMA SMV GSW Suture closure A 
Bole et al,’ 1973 23/M/31 SMA SMV GSW 1° repair A 
Nicholas and Lane,'* 1974 24/M/22 SMA SMV GSW Mesocaval shunt D 
Yaw et al, 1974 25/M/25 SMA SMV GSW 1° repair A 
Smith and Northrop,'® 1976 26/M/20 J SW Spontaneous closure a 
Wood and Nykamp,”° 1980 27/M/18 SMA SMV GSW Artery resection; vein graft a 
Imbert et al,'° 1983 28/M/24 SMA SMV GSW 1° repair A 
Pang,'* 1984 29/M/53 SPL GSW Ligation A 
Hennessy et al,® 1986 30/M/36 A, SMA SPL, P SW Ligation; excision À 








*APF indicates arterioportal fistula; SMA, superior mesenteric artery; SMV, superior mesenteric vein; H, hepatic artery; P, portal vein; R, renal artery; SPL, 
splenic artery or vein; A, aorta; J, jejunal branch artery or vein; GE, gastroepiploic artery or vein; IC, ileocolic artery or vein; SPDA, superior pancreaticoduodenal 
artery; IVC, inferior vena cava; GSW, gunshot wound; SW, stab wound; PC, portacaval; 1°, primary; A, alive; and D, dead. 


implicated as the cause of APF (Table 1). All but one case, 
attributed to blunt abdominal injury, were due to penetrat- 
ing abdominal trauma. In our series APFs were caused by 
penetrating abdominal trauma in four patients. The diag- 
nosis was made in one patient shortly after injury, but in the 
other cases the APF went undetected for several years. In 
two of our cases, if the hematoma found at the time of the 
initial exploration for penetrating trauma had been ex- 
plored, the vascular injury would have been discovered and 
treated before it developed into a clinically significant APF. 
All hematomas caused by penetrating trauma must be 
explored at the time of injury. 

Of the 29 patients with penetrating trauma, 23 (79%) 
were victims of gunshot wounds, five (17%) sustained stab 
wounds, and one patient was injured by shrapnel frag- 
ments. The violent cause of the injuries is also reflected in 
the fact that 28 (93%) of the 30 patients were men and the 
mean age of the patients was 29 years. 

Iatrogenic causes of APF include mass ligation of mesen- 
teric vessels, suture needle injury to an artery and vein, 
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biopsy needle injury to hepatic vessels, and percutaneous 
cholangiographic and splenoportographic needle injury.” 

Arterioportal fistulas after operation result from mass or 
suture ligation of an artery and adjacent vein that gradually 
develops into an enlarging fistula. Suture ligation of an 
expanding mesenteric hematoma may also result in the 
development of a fistula. The interval between operation 
and discovery of the fistula is usually more than ten years, 
suggesting that a small traumatic defect occurring at the 
time of operation requires time to mature and enlarge 
before becoming symptomatic. It seems unlikely that a 
congenital or acquired mesenteric aneurysm that even- 
tually eroded into an adjacent mesenteric vein would be 
overlooked at the time of operation. 

Open and closed needle biopsy of the liver and per- 
cutaneous cholangiography and splenoportography are 
performed blindly or under fluoroscopic control. The organs 
that are punctured by the needle in these studies are 
densely supplied by arteries and veins. If an adjacent 
artery and vein are punctured by the needle, a persistent 
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communication between the two vessels may remain and 
develop into a fistula. Injection of contrast medium under 
fluoroscopy may identify the communication at the time it 
occurs but cannot prevent the occurrence or predict 
whether the fistula will become symptomatic. Most of these 
lesions are intrahepatic in location. 

Multiple fistulas and those occurring in infants are usu- 
ally regarded as congenital. There have been reports, 
however, of fistulas developing following umbilical artery 
catheter placement. It is presumed that the fistula results 
from catheter trauma to the hepatic artery and the subse- 
quent development of a small communication between the 
artery and vein that gradually enlarges. Osler-Weber- 
Rendu syndrome has also been associated with the develop- 
ment of multiple symptomatic APFs. 

Rare causes of symptomatic APF include angiodysplasia, 
cirrhosis, and neoplasms. Forty-six cases of arteriovenous 
shunting in hepatocellular carcinoma have been reported. 
Opacification of portal branches in various sizes occurs in 
nearly two thirds of cases. Retrograde flow of contrast 
beyond the liver hilum into the portal vein occurs in about 
25% of cases, and retrograde flow beyond the junction of the 
portal, superior mesenteric, and splenic veins is rare. 


Location 


Because the etiology of APF is varied, the fistulas can 
occur throughout the portal venous system. Fistulas be- 
tween the hepatic artery and the portal vein usually were 
caused by rupture of a hepatic artery aneurysm or by 
trauma. Fistulas between the splenic artery and vein arise 
mainly from rupture of a splenic artery aneurysm. Ar- 
terioportal fistulas occurring in the blood supply to hollow 
viscera often develop following resection of a part of the 
viscus or following penetrating trauma. Fistulas within the 
liver substance are usually iatrogenic in origin. 

The location of the fistula also correlated with the 
likelihood of the development of symptoms. Traumatic, but 
not neoplastic, fistulas within the liver remained fairly 
constant in size. Extrahepatic or central fistulas have a 
tendency to increase in size with time and subsequently to 
produce symptoms. 


Acute vs Chronic 


Arterioportal fistulas can develop gradually or instanta- 
neously. Rupture of splanchnic artery aneurysms into the 
portal system occurs abruptly, and the development of 
APFs occurs suddenly. The size of the communication 
between the artery and vein, the location, and the time that 
the portal system is exposed to systemic arterial pressures 
determine whether the patient develops symptoms of APF. 
The interval between the operative or traumatic cause of 
the fistula and its recognition ranges from a few hours to 39 
years, but is typically several months. The fistulas that are 
recognized shortly following an inciting injury are usually 
approached electively and are not associated with numer- 
ous large collateral vessels and large operative blood losses. 
Trauma-induced fistulas that involve large vessels, 
that have been present for several months or years, and that 
have resulted in portal hypertension may make it difficult 
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Table 2.—Signs and Symptoms in 30 Patients With APF* 


Abdom- Portal Abdom- 
. inal Hyper- Gl Tract inal 


Patient Bruit tension Bleeding Diarrhea Pain Ascites 





*APF indicates arterioportal fistula; GI, gastrointestinal; Y, yes; and N, no. 
In total, abdominal bruit was present in 24 patients (80%), portal hyperten- 
sion in seven (23%), GI tract bleeding in seven (23%), diarrhea in seven 
(23%), abdominal pain in 21 (70%), and ascites in six (20%). 


for the surgeon to expose and to gain proximal and distal 
vascular control without massive blood loss. 


Clinical Presentation 


The clinical presentation of APF varies from no symp- 
toms to congestive heart failure, diarrhea that may or may 
not be associated with intestinal ischemia, abdominal pain, 
and portal hypertension with its attendant complications of 
gastrointestinal tract hemorrhage, ascites formation, and 
malnutrition (Table 2). 

Only a few patients have presented with signs and 
symptoms of heart failure. Cardiac output was elevated 
preoperatively in the majority of patients in whom it was 
measured and returned to normal once the fistula was 
divided. Mooney et al” demonstrated that when the liver 
vascular bed lies between an experimental fistula and the 
heart, an elevated cardiac output decreases to control 
levels. While this “protection” of the heart by the liver can 
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be demonstrated in the laboratory, in the clinical setting, 
circulatory overload occurs with APF, and the cardiac 
output increases.” 

The cause of diarrhea and abdominal pain associated with 
APF is poorly understood but may be intestinal ischemia 
due to the “steal” phenomenon. Arterial blood is shunted to 
the portal circulation away from the distal mesenteric 
arterial bed.” The pain may also be due to compression by 
the expanding or pulsatile APF of surrounding structures. 
Diarrhea and bleeding occur in almost 20% of patients. The 
bleeding is not always massive and is not necessarily caused 
by erosion of the fistula into the lumen of a hollow viscus. 
Congestive and hyperemic changes in the gut mucosa have 
been observed and may contribute to the development of 
diarrhea and a friable mucosa that bleeds easily when 
traumatized. 

Portal hypertension is a unique feature of APF. In some 
series, there has not been a correlation between the site of 
the fistula and the presence or absence of portal hyperten- 
sion; however, in the patients with fistulas caused by 
penetrating trauma, portal hypertension occurred only 
when a fistula was present between two large vessels such 
as the SMA and the SMV. Portal pressure usually falls to 
normal levels after division of the fistula, but if the fistula 
has been present for several years, elevated portal pressure 
may be sustained because of intrahepatic changes, as in case 
3.‘ Clinically, recurrent ascites formation attributed to liver 
disease and the development of hematemesis have been 
observed after fistula division. Many of the patients who 
developed APFs secondary to penetrating abdominal 
trauma had received multiple blood transfusions and had 
several historical factors (eg, alcohol abuse and intravenous 
drug abuse) that may contribute to the development of liver 
disease irrespective of the presence of an APF. It may be 
difficult to ascribe the long-term changes in the liver to a 
single cause. 

Not all patients with APF develop portal hypertension. 
The low outflow resistance of the portal venous system and 
its high capacitance may result in increased flow through 
the fistula without increased pressure. Nevertheless, por- 
tal hypertension has been documented in 20% to 43% of 
patients with APF. Several investigators have studied 
experimentally the effects of APF's on the liver. In the study 
of Schilling et al,” portal vein to hepatic artery fistulas in 
dogs did not result, 18 months after the creation of the 
fistula, in any measurable liver abnormalities. One dog died 
of an anesthetic overdose, and at autopsy liver biopsy 
specimens were histologically normal. In a later report by 
Schilling and McKee," four dogs from the original study 
were observed for periods of up to five years. At no time was 
there evidence of mesenteric venous engorgement or 
splenomegaly. The portal vein wall became thickened and 
aneurysmal. The liver decreased in size and developed a 
flabby consistency and fatty appearance. Biopsy specimens 
demonstrated normal areas of parenchyma and fatty infil- 
tration in other areas. In the portal zones, there were focal 
areas of fibrosis and marked dilatation of the sinusoidal 
spaces. All of these changes increased in degree over time. 
Two dogs died of liver failure. Rather and Cohn” performed 
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an anastomosis, using vein graft, between the proximal 
portal vein and the aorta, thus preserving the hepatic 
arterial inflow. An end-to-side portacaval shunt was also 
performed. Four animals developed severe jaundice three 
to seven weeks after operation. At autopsy, the liver was 
enlarged, edematous, hyperemic, and firm. Histologically, 
the portal vein radicles were dilated and the wall was 
thickened. Many specimens demonstrated an acute necro- 
tizing vasculitis. If the fistula was closed, the lesions noted 
above resolved.* The investigators believed that the pro- 
pensity for resolution was dependent on portal pressure. 
Zuidema et al* performed splenic artery-to-right portal 
vein fistulas in dogs. This model also resulted in portal 
vasculitis, increased hemosiderin deposition, and de- 
creased hepatic microsomal enzyme activity in the area of 
the liver that was arterialized. In each of the above labora- 
tory studies, large API's were created. The hepatic changes 
that occurred were reversible soon after the APF was 
created but ultimately produced irreversible changes in the 
liver if the APF persisted. 


Management 


The management of APF is dependent on the cause of the 
fistula, the patient’s overall condition, the location of the 
fistula, how long the fistula has been present, and the 
symptoms displayed by the patient. Because of the poten- 
tial long-term sequelae, some authors have expressed the 
opinion that all APFs should be repaired even in 
asymptomatic patients. However, there have been case 
reports of spontaneous closure of APF, even in cases where 
the fistula involved the SMA and SMV.” In most cases, 
elective repair of the fistula can be planned and undertaken 
when the patient’s overall condition has been optimized. In 
two of our patients, a lack of symptoms and the coexistence 
of malignant disease mitigated against operative repair of 
the APF. Patients with APFs that would require segmental 
resection of a hollow viscus are probably best treated by 
operation, but a relatively asymptomatic patient with an 
APF in the liver substance might better be observed than 
undergo hepatic resection. Hepatic neoplasms that contain 
APFs should be treated by resection when possible. 

In most cases, visceral angiography has been performed 
to confirm the diagnosis of APF and to assist in the planning 
of the operation. In addition, angiographic balloon 
catheters can be placed at the orifices of the major branches 
of the aorta or more distal arteries that contribute to the 
arterial inflow of the fistula. The balloons are placed within 
24 hours of the operation and should be clearly marked to 
indicate the artery that they are positioned to occlude once 
the balloon is inflated. Vascular dilators or balloon 
catheters can also be used intraoperatively to occlude the 
feeding vessels to the fistula once the fistula has been 
opened and primary repair is contemplated.” 

Computed tomography and Doppler ultrasound examina- 
tions may detect the presence of API's, but angiography 
remains the standard study for diagnosis and preoperative 
planning.” Not all patients with APFs have undergone 
angiography. Fistulas caused by penetrating trauma that 
developed acutely may be discovered at the time of the 
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initial exploratory laparotomy.’* If the patient were in 
hypovolemic shock, a visceral angiogram may not have been 
obtained preoperatively. In addition, the fistula can be 
treated like any vascular lesion by the surgeon, by obtain- 
ing proximal and distal control of the inflow and outflow 
vessels. It is unlikely that multiple delicate collateral 
vessels will be encountered in this setting. If the diagnosis 
is suspected, however, and the patient’s condition permits, 
an angiogram should be obtained to determine the anatomic 
configuration of the fistula. 

Angiography may also play a therapeutic role in the 
management of APFs. Stainless-steel coils, spring coils, 
and detachable angiographic balloons have been used to 
occlude fistulas located between the splenic artery and vein 
and even the SMA and SMV.*"* Although the experience 
with these techniques has been in isolated cases, the results 
have been good and the morbidity low. 

Several techniques have been developed for the intra- 
operative management of APF; these include the use of 
hypothermia with and without cardiopulmonary bypass, 
autotransfusion, and rapid intravenous infusion. Only a few 
cases of APF have been treated with hypothermia and 
cardiopulmonary bypass." The fistulas in these cases have 
been extremely large or have been multiple. Initiating 
autotransfusion of shed blood does not require extensive 
preparation in the operating room. If the blood loss contin- 
ues to increase, the equipment for autotransfusion can be 


readily assembled. Use of autotransfusion of shed blood 
reduces the burden on the blood bank for cross-matched 
blood but does not reduce the need for blood products such 
as fresh-frozen plasma and platelets. Autotransfusion is 
contraindicated if the gastrointestinal tract has been en- 
tered and the operative field has been contaminated. Cura- 
tive or palliative resection of malignant neoplasms also 
contraindicates the use of autotransfusion. Rapid intra- 
venous infusion devices have also been developed for use in 
liver transplantation, where a blood loss is measured in 
terms of blood volumes instead of milliliters. Large volumes 
of warmed blood (1000 mL/min) can be infused if rapid blood 
loss is encountered. Each of these techniques may be 
invaluable for the operative management of complex APF 
and must be individualized. 

As mentioned above, there is a role for nonoperative 
management of APF. Some patients may be observed if they 
have other medical conditions that would preclude a major 
operation and fistula division. Angiographic obliteration of 
the fistula with coils or detachable balloons may be consid- 
ered in these cases. Young, otherwise healthy patients with 
APF should undergo operative treatment because the long- 
term sequelae of APF are unpredictable, may be irreversi- 
ble if the fistula persists for a long time before it is 
obliterated, and may be catastrophic. Portal hypertension 
caused by APF is a curable disorder, unlike many of the 
other causes of portal hypertension. 
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Discussion 


Davin V. FELICIANO, MD, Houston: The appropriate approach 
to a patient with a penetrating abdominal wound is to open every 
intra-abdominal hematoma. This is what distinguishes patients 
with penetrating wounds from those with hematomas from blunt 
trauma. 

Did you consider using total body hypothermia and circulatory 
arrest in these complex intra-abdominal AVF's? 

ALBERT E. YELLIN, MD, Los Angeles: Over the years, we have 
had extensive experience using arteriographic embolization tech- 
niques to obliterate posttraumatic AVF's. Included were three 
patients with hepatic artery—portal vein fistulas or posttraumatic 
hemobilia emanating from a pseudoaneurysm of the hepatic artery. 
In each case, the critical vessel was easy to cannulate and embolize 
selectively. The patients with AVF are particularly easy to embo- 
lize because the high flow rates through the fistula cause the 
hepatic artery to enlarge, which facilitates passage of the catheter. 

I suggest that this is the preferable therapy for such a fistula. 
There are minimal sequelae attendant to hepatic artery emboliza- 
tion, since there is a dual blood supply to the liver. Embolization 
frequently obviates the need for surgery and reduces the likelihood 
of massive intraoperative blood loss. 

GEORGE E. BLock, MD, Chicago: With the recent development 
of percutaneous manipulation of liver cysts and abscesses for 
drainage and the development of transhepatic stints, we are seeing 
an increasing number of more peripheral AVFs. These peripheral 
fistulas are usually of minor hemodynamic significance and can 
usually be left alone without difficulty. 

In some patients, however, significant hemobilia develops, and in 
others the fistula may be located more centrally or be of such a size 
that there is concern that hemodynamic instability may occur. 
These have been successfully treated by embolization. 

In patients in whom embolization fails, a segmental resection, 
usually not a lobectomy, will be necessary. 

The majority of patients who develop fistulas following place- 
ment of a transhepatic stint (“tract fistulas”) are as successfully 
treated by tamponade of the tract by the drainage tube with 
embolization. 

Dr STRODEL: We agree that all intra-abdominal hematomas 


associated with penetrating trauma should be explored at the 
initial laparotomy. In many of the cases of APF reported in the 
literature and in four of the cases in our series, this principle was 
not followed and the fistula was missed when it could perhaps have 
been easily treated. Exploration of hematomas caused by penetrat- 
ing trauma, however, may not detect a subtle arterial injury that 
could later develop into a pseudoaneurysm and an APF. To make 
the diagnosis of an APF, one must have a high index of suspicion in a 
patient who demonstrates an abdominal bruit at any time after 
sustaining penetrating abdominal injury. Angiography not only is 
diagnostic but aids the planning of the operation and may be 
therapeutic (embolization) in some cases. 

Hypothermia and circulatory arrest have been described for the 
management of complex and relatively inaccessable APF's. Expo- 
sure of the fistula and the surrounding operative field is usually 
much improved. Patient 3 in our series might have been better 
managed if this technique had been used. Fortunately, not many 
cases require this approach. In addition, if the patient develops 
massive gastrointestinal hemorrhage and emergent operation is 
necessary, it may be impossible to coordinate, in a timely fashion, 
all the resources, if they are available at all, required to perform 
hypothermia and circulatory arrest. 

Angiographic embolization of APF's can be a simple solution to a 
difficult problem but this technique cannot be uniformly recom- 
mended. Embolization is particularly useful for small or in- 
trahepatic fistulas. In one or two reports, large steel coils or 
detachable angiographic balloons have been used to obliterate 
fistulas between larger vessels, eg, the SMA and vein. In cases 
where there are contraindications to operation (malignant disease, 
age, and other factors), angiographic embolization is the procedure 
of choice. 

I would like to emphasize the importance of obtaining an 
angiogram before operating emergently on patients who develop 
variceal hemorrhage. While clinically significant portal hyperten- 
sion occurs infrequently in cases of APF, discovery of a fistula 
would add new considerations and options to the overall treatment 
plan and specifically to the operative approach. 


In Other AMA Journals 


ARCHIVES OF OTOLARYNGOLOGY-HEAD & NECK SURGERY 
A New Technique to Maintain Closed-Suction Drainage Catheter Function 
Phillip Ashley Wackym, MD; David E. Ellison, MD; Paul H. Ward, MD 


Closed-suction catheter drains offer many advantages over previously used systems in head and neck 
surgery. Occlusion of drains with either tissue fragments or thrombus, however, is a relatively common 
problem. Several methods have been proposed to restore flow to obstructed drains. These methods are 
reviewed and a new method is described that is efficacious, avoids wound contamination, and is relatively 
inexpensive (Arch Otolaryngol Head Neck Surg 1987;113:57-58). 
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Pancreatitis After Biliary Tract Surgery 


Anthony Vernava, MD; Charles Andrus, MD; Virginia M. Herrmann, MD; Donald L. Kaminski, MD 


e Pancreatitis associated with biliary tract operations con- 
tinues to be an important clinical problem. The results of 
biliary tract operations performed on 1256 patients were care- 
fully scrutinized for the presence of postoperative hyper- 
amylasemia and pancreatitis persisting after 48 hours. Pa- 
tients were evaluated in the context of the presence or absence 
of preoperative pancreatic dysfunction. Similarly, various 
operative risk factors were evaluated, including cholangiogra- 
phy, choledocholithiasis, common duct exploration, choledo- 
choscopy, choledochoduodenostomy, and sphincteroplasty. 
Operative cholangiography did not induce postoperative pan- 
creatitis. The incidence of postoperative pancreatitis following 
cholecystectomy was 0.6%, which was significantly greater 
than the incidence following common duct exploration (8.4%). 
Pancreatitis following biliary tract surgery seemed to be not 
directly related to the performance of choledochoscopy, 
sphincteroplasty, or choledochoduodenostomy, as it devel- 
oped with similar frequency in patients undergoing common 
duct exploration alone. The timing of operative therapy in 
patients with biliary tract pancreatitis did not significantly alter 
the frequency with which pancreatitis persisted in the postop- 
erative period. In 970 patients undergoing cholecystectomy, 
one patient who had preoperative pancreatitis died of postop- 
erative pancreatitis. Of 286 patients undergoing common duct 
exploration, seven patients died with pancreatitis. In three of 
these patients there was no active preoperative pancreatitis, 
and in one of these patients pancreatitis was the cause of 
death. Four patients with preoperative pancreatitis eventually 
died of pancreatitis in the postoperative period. Pancreatitis is 
an important complication of biliary tract disease and opera- 
tions, and all efforts should be extended to suppress its 
occurrence and development. 

(Arch Surg 1987;122:575-580) 


| ase occurs following a wide variety of unrelated 
operative procedures; however, the incidence is be- 
lieved to be low (one in 3248 operations).' The incidence of 
pancreatitis following biliary tract operations is believed to 
be much higher.” Although the exact incidence is unknown 
and the relationship is confused by the presence of preoper- 
ative pancreatitis, estimates have placed the incidence of 
postoperative pancreatitis following biliary tract surgery at 
2.4%." Previous reports of postoperative pancreatitis fol- 
lowing biliary tract surgery have forewarned us of the 
severity of the process and the potential 50% mortality.*® 

The purpose of the present study was to evaluate the 
relationship of biliary tract operations to postoperative 
pancreatitis to attempt to determine the incidence, cause, 
and outcome of the process. 
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PATIENTS AND METHODS 


Since 1972, the results of 1256 biliary tract operations have been 
carefully evaluated for the development of postoperative pan- 
creatitis. Data have been accumulated on punch cards for each 
patient at the time of discharge and stored on a floppy disk storage 
unit using a microcomputer. Although information stored has 
varied slightly, 138 entries have been made and data retrieval 
comparing one variable with all or one of the remaining 137 is 
possible. Patients have been carefully evaluated preoperatively for 
a history of hyperamylasemia or pancreatitis. Postoperatively, 
careful consideration of the development of hyperamylasemia or 
pancreatitis was made. Any patient undergoing biliary tract 
operations with pancreatitis believed to be related to chronic 
alcoholism was excluded. 

Attempts were made to separate clearly, preoperatively and 
postoperatively, hyperamylasemia from pancreatitis. Operative 
evaluation of the pancreas has been accepted as diagnostically 
accurate whether performed at the time of cholecystectomy or at a 
subsequent laparotomy. Initially, the diagnosis of pancreatitis was 
made based on the clinical findings such as an epigastric mass, 
volume deficit, and hypocalcemia. Barium-contrast roentgeno- 
grams were utilized to determine the presence of a retrogastric 
mass or an enlarged head of the pancreas as evidenced by a 
widened duodenal C loop. For a period of time, Ranson and 
colleagues” criteria for determining the severity of pancreatitis 
were utilized; however, the use of the criteria was not found to be 
very specific in diagnosing pancreatitis and only rarely would a 
patient with biliary tract pancreatitis manifest more than three of 
the criteria. In addition, many of Ranson and colleagues” criteria 
occur in cholecystitis as well as pancreatitis. 

Since 1979, pancreatic imaging has been depended on in the 
diagnosis of pancreatitis. Pancreatic glandular enlargement, pe- 
ripancreatic fluid, phlegmon formation, and intraperitoneal fluid 
with glandular enlargement were computed tomographic or ultra- 
sonographic findings believed to be compatible with the diagnosis 
of pancreatitis.” If the pancreas was seen clearly with the imaging 
technique used and was of normal size, with no peripancreatic signs 
of inflammation, it was believed to be a normal pancreas without 
pancreatitis.* In patients suspected of having pancreatitis, if the 
pancreas was not adequately evaluated utilizing ultrasonography, 
a computed tomographic scan was performed. 

Cholangiography has been performed routinely at this institu- 
tion in patients undergoing biliary tract operations.’ Patients not 
undergoing operative cholangiography included patients having 
incidental cholecystectomy and operative ultrasonography.” Oper- 
ative ultrasonography of the bile duct was compared with operative 
cholangiography in a prospective randomized trial. After 100 
patients were entered, ultrasonography was abandoned as being 
an unsatisfactory substitute in our hands, and cholangiography 
was substituted. It did not save time, nor did ultrasonography 
satisfactorily visualize the biliary tract routinely. Predissection 
cholangiography was routinely performed using static roent- 
genograms, with 25% contrast material injected by hand into the 
cystic duct.’ 

Patients with preoperative pancreatitis or hyperamylasemia 
were judged to have a similar postoperative condition if their 
amylase level remained elevated and if they were clinically ill with 
fever, leukocytosis, ileus, volume deficit, or hypocalcemia of more 
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Table 1.—Pancreatitis Before Biliary Tract 
Surgery in 1256 Patients 







Postop- Postop- 
erative erative 
Hyperamy- Pancrea- 
lasemia, titis, 
No. (%) of No. (%) of No. (%) of 
Pancreatitis Patients Patients Patients 

















No preoperative 








pancreatic dysfunction 1061 (84.4) 52 (4.9) 12 (1) 
Preoperative pancreatic 
dysfunction 195 (15.5) 31 (16) 18 (9) 
History of acute or 
chronic pancreatitis 97 (7.7) 7 (7) 6 (6) 
Increased amylase level 43 (3.4) 2 (5) 0 (0) 












Clinical pancreatitis 56 (4.4) 22 (39) 12 (21) 





Table 3.—Preoperative Pancreatitis and 
Operative Cholangiography* 


Postoperative 
increased Postoperative 
Pancreatitis, 
No. (%) of 
Patients 


3 (3)t 
0 (0) 


*One hundred eight patients with a history of pancreatitis (n=61), 
hyperamylasemia (n=20), or operatively confirmed pancreatitis (n= 27) 
underwent cholecystectomy without common duct exploration. 

tThere were two deaths in the postoperative period, one 24 hours 
postoperatively with acute hemorrhagic and necrotizing pancreatitis, and 
one 32 days postoperatively with persistent necrotizing pancreatitis. 


Amylase Level, 
No. (%) of 
Patients 


No. of 
Patients 


Cholangiogram 98 
No cholangiogram 10 





than 48 hours’ postoperative duration. There was a very strong 
correlation between the development of pancreatitis following 
biliary tract surgery and hyperamylasemia. Patients with preop- 
erative biliary tract pancreatitis, with a normal amylase level, 
would likely have a normal postoperative amylase level despite 
progression of the pancreatitis. Many patients with postoperative 
hyperamylasemia did not have pancreatitis; however, it would be 
very unusual for a patient to develop pancreatitis in the postopera- 
tive period without hyperamylasemia. 

Based on a previous report’ describing various risk factors in the 
development of postoperative pancreatitis, the patient population 
was evaluated in relationship to those patients with and without 
preoperative pancreatic disease and in relationship to various 
operative factors, including cholangiography and manipulation of 
the sphincter of Oddi. 

Statistical analysis was performed utilizing x” analysis. As used 
in the test, significant indicates P<.05. 


RESULTS 


As indicated in Table 1, 195 of 1256 patients had evidence 
of concurrent or previous pancreatic disease before the 
biliary tract operation was performed. Significantly more 
patients had postoperative pancreatitis if they had preoper- 
ative pancreatic dysfunction. Patients with a history of 
preoperative pancreatitis had a significantly greater inci- 
dence of postoperative pancreatitis than did patients with 
no preoperative pancreatic dysfunction (Table 1). 

Patients were identified who had preoperative hyper- 
amylasemia with no evidence of pancreatitis (Table 1). The 
hyperamylasemia is believed to represent an increased 
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Table 2.—Operative Cholangiography in Patients 
Without Preoperative Pancreatic Dysfunction (N = 862) 


Postoperative 
Increased 
Amylase Level, 
No. (%) 
of Patients 


Postoperative 
Pancreatitis, 
No. (%) 
of Patients 


No. of 
Patients 


Predissection 
cholangiogram 573* 
No predissection 
cholangiogram 


15 (2.1) 2 (0.2) 


289*+ 4 (1.3) 1 (0.3) 


*No deaths associated with pancreatitis. 
tincludes 112 operative biliary tract ultrasound studies and 83 incidental 
cholecystectomies. 





Table 4.—Common Duct Exploration Without Preexisting 
or Current Hyperamylasemia or Pancreatitis* 


Postoperative 
Increased Postoperative 
Amylase Level, Pancreatitis, 
No. (%) No. (%) 
of Patients of Patients 


No. of 
Patients 


Common duct 
exploration 199 9 (5)t 


Choledocholithiasis 91 20 (22) 4 (4) 


Choledochoscopy 42 1 (2) 0 (0) 


Sphincter operations 14 5 (35) 0 (0) 


Choledocho- 
duodenostomy 24 1 (4) 0 (0) 


*One hundred ninety-nine patients underwent common duct and sphincter 
manipulation with no history of hyperamylasemia or pancreatitis. 

tThree patients died who had postoperative pancreatitis that was believed 
to be the primary cause of death in one patient. 


33 (17) 


serum amylase level associated with acute cholecystitis." 
These patients were generally operated on early, had no 
pancreatitis at the time of operation, and had a low inci- 
dence of postoperative hyperamylasemia and no postopera- 
tive clinical pancreatitis (Table 1). 

Cholangiography in patients with no preoperative pan- 
creatic dysfunction did not significantly change the inci- 
dence of postoperative hyperamylasemia or pancreatitis 
compared with the incidence in patients undergoing cho- 
lecystectomy without cholangiography (Table 2). Patients 
with preoperative evidence of pancreatic dysfunction who 
underwent cholangiography had a significantly greater 
incidence of postoperative pancreatitis than patients who 
did not undergo cholangiograms, due essentially to per- 
sistence of pancreatic destruction postoperatively (Table 3). 
In only ten patients with a preoperative history of pancre- 
atic dysfunction were cholecystectomies performed with- 
out operative cholangiograms being performed, and, be- 
cause of the small number of patients in this group, we 
cannot conclude that cholangiography increased the inci- 
dence of postoperative pancreatitis in patients who had 
preoperative pancreatic dysfunction. 

The operative manipulations of common duct exploration 
in patients with no preoperative pancreatic dysfunction was 
associated with a 17% incidence of hyperamylasemia and a 
5% incidence of postoperative pancreatitis, resulting in the 
death of one patient from pancreatitis (Table 4). The inci- 
dence of postoperative pancreatitis was not significantly 
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Table 5.—Common Duct Exploration With Preexisting or 
Current Hyperamylasemia or Pancreatitis* 











Postoperative 










Increased Postoperative 
Amylase Level, Pancreatitis, 
No. of No. (%) No. (%) 
Procedure Patients of Patients of Patients 














Common duct 

exploration 87 22 (25) 15 (17)t 
Choledocholithiasis 23 7 (30) 9 (39)t 
Choledochoscopy 16 3 (18) 4 (12) 
Sphincter operations 5 2 (40) 1 (20)§ 
Choledocho- 






0 (0) 3 (37) 


*Eighty-seven patients underwent common duct and sphincter manipula- 
tion with a history of pancreatitis or hyperamylasemia (n=35), hyper- 
amylasemia (n = 23), or current pancreatitis (n = 29). 

tOne patient with systemic lupus erythematosus died of pancreatitis 
following cholecystectomy and common duct exploration. 

One patient with scleroderma died of postoperative pancreatitis. 

§One patient with impacted common duct stones died of pancreatitis. 


duodenostomy 









<48 h 


Postoperative Increased 





Procedure Total Amylase Level 
No common duct exploration 9 5 (55) 
Common duct exploration 19 6 (31) 





*One patient died of pancreatitis. 


Table 7.—Relationship of Time of Presentation With Pancreatitis to Time of Biliary Tract Operation 


Presentation Time Before Operation, No. (%) of Patients 


(CE N 


AT III 





Postoperative Postoperative Increased Postoperative 
Pancreatitis Total Amylase Level Pancreatitis 
2 (22)* 18 3 (16) 3 (16)* 

3 (15)* 10 8 (80) 4 (40)t 


Table 6.—Clinical Pancreatitis in 56 (4.4%) 
of 1256 Patients Undergoing Biliary Tract Operations 


Postoperative 
Increased 
Amylase Level, 
No. (%) 
of Patients 


Postoperative 
Pancreatitis, 
No. (%) 
of Patients 


No. of 


Procedure Patients 


No common duct 
exploration 

Common duct 
exploration 


8 (20) 5 (19)* 


14 (48) 7 (24)t 


*One patient died 24 hours postoperatively of hemorrhagic pancreatitis, 
and one patient died 32 days postoperatively of pancreatitis. 

tThree patients died of pancreatitis, with one having undergone a 
sphincter operation. 










>48 h 
LLL LP, 































tTwo patients died of pancreatitis, one having undergone a sphincter operation. 


different in patients having choledocholithiasis compared 
with those patients in whom results of a common duct 
exploration were negative (Table 4). Choledochoscopy, 
sphincteroplasty, or choledochoduodenostomy did not re- 
sult in an increased incidence of postoperative pancreatitis; 
however, there was a 35% incidence of hyperamylasemia in 
patients undergoing sphincteroplasty (Table 4). 

There were 87 patients undergoing common duct explora- 
tion with preoperative pancreatic dysfunction, including 35 
patients with a history of pancreatitis, 23 patients with 
preoperative hyperamylasemia without pancreatitis, and 
29 patients with operatively confirmed pancreatitis (Table 
5). Postoperative pancreatitis was present in 17% of these 
patients, occurring in seven patients with preoperative 
pancreatitis. 

In patients with preoperative pancreatic dysfunction, 
39% of the patients with choledocholithiasis had postopera- 
tive pancreatitis (Table 5). This was significantly greater 
than the 5% incidence of postoperative pancreatitis in 
patients with no preoperative pancreatic dysfunction, who 
underwent common duct exploration with choledocho- 
lithiasis (Table 4). Choledochoscopy, sphincter operations, 
and choledochoduodenostomy were associated with a12% to 
37% incidence of postoperative pancreatitis in patients with 
preoperative pancreatic dysfunction (Table 5). 

Fifty-six patients underwent biliary tract operations 
with evidence of pancreatitis at the time of operation. 
Twenty-one percent of the patients had postoperative pan- 
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creatitis (Table 6). There was no difference in the incidence 
of postoperative persistence of the disease when patients 
with common duct exploration were compared with those 
without common duct exploration (Table 6). The rela- 
tionship of the timing of operative therapy to the per- 
sistence of postoperative pancreatitis was also evaluated 
(Table 7). No significant differences were found when 
patients with pancreatitis, who were operated on within 48 
hours of presentation to the hospital, were compared with 
patients operated on following more than 48 hours of 
hospitalization (Table 7). 


COMMENT 


The incidence of postoperative pancreatitis will vary 
depending on how vigorously one attempts to diagnose 
pancreatitis, the method of diagnosis, and the length of time 
allowed for recovery in patients with preoperative pan- 
creatitis. Pancreatitis is unlikely to be diagnosed without 
elevations in serum amylase, lipase, or pancreatic amylase 
levels.” The relevance of amylase levels in pancreatitis has 
been the subject of continued controversy.“ Throughout the 
present study, we attempted to focus on other means of 
diagnosing pancreatitis. While hyperamylasemia is not a 
highly sensitive or specific test for pancreatitis," it seems 
unlikely that postoperative pancreatitis will occur without 
the amylase level increasing. We cannot be certain that 
patients with postoperative hyperamylasemia have some 
element of interstitial subclinical pancreatitis, but it is 
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likely. The amylase-creatinine clearance ratio has been 
evaluated as a diagnostic tool in determining the presence of 
postoperative pancreatitis. It was elevated, with a ratio 
greater than 5.0 in 28% of patients undergoing biliary tract 
operations, none of whom had an elevated amylase level or 
pancreatitis.” The test is not accurate postoperatively, or is 
too sensitive. 

The present study used 48 hours as the time for recovery 
from pancreatitis, while others have felt that ten days was 
most appropriate.* The great majority of patients with 
biliary tract pancreatitis have primarily edematous pan- 
creatitis that resolves promptly with or without an opera- 
tion. Those patients at great risk (with necrotizing pan- 
creatitis) will likely be persistently ill at 48 hours and at ten 
days. 

In 1896, Riedel” first identified inflammatory changes in 
the pancreas associated with gallstones. The subsequent 
description by Opie” of severe pancreatitis with an im- 
pacted distal common duct stone was followed by his 
insightful description of the process in Kelly and Noble’s 
textbook published in 1908.” Opie stated that “a small 
calculus lodged in the diverticulum of Vater may divert bile 
into the pancreatic duct and cause acute hemorrhagic 
pancreatitis, but a large calculus in the same situation 
occluding the duct of Wirsung causes chronic inflammation.” 
The relationship of cholangiography to postoperative pan- 
creatitis was described in 1949.” Howard and Erlich,” in 
1962, popularized the phrase “gallstone pancreatitis” and 
determined that cholecystectomy eliminated recurrent 
pancreatitis. 

In 1928, Schmieden and Sebening” documented that 
pancreatitis occurred following biliary tract operations, 
and in 1957, Thompson et al’ determined that pancreatitis 
developing following biliary tract operations was primarily 
related to common duct exploration. While Milbourn™ de- 
scribed postoperative pancreatitis occurring following 
gastrectomy, Mahaffey and Howard,” in 1955, demon- 
strated that postoperative pancreatitis occurred following a 
wide variety of operative procedures, including nonabdomi- 
nal operations. 

As late as 1965, Anderson” advocated operative interven- 
tion in patients with biliary tract pancreatitis to halt a 
steadily deteriorating course; however, he advocated cho- 
lecystectomy to decompress the biliary tree and cautioned 
against any direct attempt to remove common duct stones. 
In 1962, Howard and Erlich” advocated common duct 
exploration in biliary tract pancreatitis only if the patient’s 
clinical course was worsening, and they cautioned that 
manipulation of the distal biliary tract could lead to fatal 
hemorrhagic pancreatitis. In 1963, Pelissier” advocated 
prompt choledocholithotomy in biliary tract pancreatitis. 
Currently, there are many advocates of prompt biliary tract 
operations in patients with biliary tract pancreatitis” and, 
more recently, prompt endoscopic sphincterotomy and com- 
mon duct stone extraction.” 

In 1968, Bardenheier et al* demonstrated that the inci- 
dence of postoperative pancreatitis following cholecystec- 
tomy was 1.8%, and 12.2% following common duct explora- 
tion. In the present study, the incidence of pancreatitis 
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following cholecystectomy was found to be 0.6%, and follow- 
ing common duct exploration, it was 8.4%. Following cho- 
lecystectomy, the incidence of postoperative pancreatitis 
with no antecedent history of pancreatic dysfunction was 
0.3%, and following common duct exploration, it was 5%. In 
patients with preoperative pancreatic dysfunction, cho- 
lecystectomy alone was associated with a 2.7% incidence of 
postoperative pancreatitis and common duct exploration 
was associated with a 17% incidence of postoperative pan- 
creatitis. We took great care to prevent pancreatitis from 
occurring following biliary tract operations and tried to 
eliminate potentially harmful manipulations. Gentleness 
with instrumentation and cholangiography was routine. 
The only metal instrument ever used in the common duct of 
any of these patients was a choledochoscope. The overall 
incidence of postoperative pancreatitis following common 
duct exploration has not appreciably decreased from the 
incidence identified in 1968. It is possible that the previous 
retrospective study failed to diagnose postoperative pan- 
creatitis in many patients and that the incidence was 
actually much higher. It is unlikely that significant postop- 
erative pancreatitis was undiagnosed in the present pro- 
spective study. 

In the patients with biliary tract pancreatitis evident at 
the time of presentation, the performance of common duct 
exploration did not significantly change the incidence of 
persistent postoperative pancreatitis (Table 6). Although 
there was a significantly greater incidence of postoperative 
hyperamylasemia in patients undergoing common duct 
exploration when compared with patients with pancreatitis 
who did not, we found no evidence to suggest that common 
duct exploration should be avoided in patients with pan- 
creatitis. The controversy concerning the timing of oper- 
ative intervention in gallstone pancreatitis has been the 
focus of interest in this area for many years. The important 
issues are the possibility of enhancing pancreatic destruc- 
tion by operative manipulation and the potential for de- 
creasing the severity of the pancreatitis by operative or, for 
that matter, endoscopic removal of a common duct stone. 
Many patients with biliary tract pancreatitis frequently 
have a crescendo disease process with explicit dramatic 
relief, and the conclusion is drawn that a common duct stone 
has passed. On the other hand, some patients experiencing 
removal of a stone from the common duct, operatively or 
endoscopically, may continue to have progressive pancre- 
atic destruction and die of pancreatitis. 

In patients with no common duct stones and with normal 
cholangiograms who do not require common duct explora- 
tion, the incidence of a persistent postoperative pancrea- 
titis is not changed by the timing of the operation. If one 
operates early, hyperamylasemia is likely to persist postop- 
eratively (Table 7). In patients with the requirement for 
common duct exploration, delayed operation was associated 
with a significantly higher incidence of postoperative, per- 
sistent hyperamylasemia, but not pancreatitis (Table 7). 
The earlier patients with biliary tract pancreatitis undergo 
operation, the more patients will require common duct 
exploration (Table 7). It appears that it is the best policy to 
treat biliary tract pancreatitis with evident glandular 
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destruction by transperitoneal or endoscopic clearance of 
the common duct as soon as the diagnosis is confirmed. 

Ideally, a patient with necrotizing pancreatitis, as evi- 
denced by ultrasonography and clinical signs of pancreatitis 
with gallstones, should undergo endoscopic or transhepatic 
cholangiography. If no common duct stones are seen, oper- 
ative therapy at that time is not likely to benefit the patient. 
The current status of biliary tract surgery in the United 
States suggests that the diagnosis and removal of common 
duct stones is most commonly accomplished by prompt 
cholecystectomy, operative cholangiography, and explora- 
tion and clearance of the common duct as necessary. 

The production of hyperamylasemia by acute cholecysti- 
tis continues to be an important, relatively frequent clinical 
problem.”” In the present series, 43 patients were believed 
to have cholecystitis-produced hyperamylasemia. Patients 
in this series with hyperamylasemia and no clinical, ultra- 
sonographic, or computed tomographic evidence of pan- 
creatitis promptly underwent cholecystectomy, when pos- 
sible, with the identification of a normal pancreas. We found 
no evidence that increased amylase levels associated with 
cholecystitis are quantitatively greater than are amylase 


levels in patients with biliary tract pancreatitis.” As amy- 


lase is secreted in bile,” the mechanism by which cholecys- 
titis produces hyperamylasemia is very likely the same as 
the mechanism by which cholecystitis produces hyper- 
bilirubinemia and jaundice.” Evaluation of these patients 
usually discloses their amylase levels to be persistently 
elevated for long periods of time preoperatively as the acute 
cholecystitis gradually abates. A patient with acute chole- 
cystitis and hyperamylasemia who has no clinical pan- 
creatitis and a normal pancreas as visualized by various 
imaging techniques is well treated by prompt cholecystec- 
tomy, and there is no need to wait until the amylase level 
normalizes. 

The relative impact of choledochoscopy on the occurrence 
of postoperative pancreatitis is difficult to ascertain. The 
potential of choledochoscopy is possibly both beneficial and 
harmful. Rigid instrumentation of the bile duct and sphinc- 
ter and infusion of irrigant solutions under pressure could 
increase the development of postoperative pancreatitis. On 
the other hand, less traumatic choledocholithotomy under 
direct vision through the choledochoscope, using biliary 
balloon-tipped catheters and stone forceps, may prevent 
trauma to the sphincter mechanism and result in less 


pancreatitis. As seen in Table 4, the performance of cho- 
ledochoscopy did not produce pancreatitis in patients with 
no preoperative pancreatic dysfunction. In patients with 
preoperative pancreatic dysfunction (Table 5), choledocho- 
scopy did not significantly alter the incidence of postopera- 
tive pancreatitis when compared with similar patients 
undergoing common duct exploration without choledocho- 
scopy (Table 5). 

Approximately 20% of the patients undergoing common 
duct exploration were treated with sphincteroplasty opera- 
tions or choledochoduodenostomy. Sphincteroplasty opera- 
tions were performed primarily for impacted distal common 
duct stones with or without stenosis of the sphincter, and 
choledochoduodenostomy was performed in patients with a 
large dilated common duct with numerous common duct 
stones. These procedures were used with equal frequency 
in patients with and without pancreatitis (Tables 4 and 5). 
There was no evidence that these procedures resulted in 
postoperative pancreatitis (Table 5), as the incidence of 
persistent pancreatitis in the postoperative period was not 
significantly different in patients undergoing common duct 
exploration alone (13%), compared with those patients 
undergoing sphincteroplasty operations (20%) or choledo- 
choduodenostomies (37%). 

The operative mortality in the patient population under- 
going cholecystectomy alone was 1.6%; patients undergoing 
common duct exploration had a 2.4% operative mortality, 
with 20% of the deaths occurring in patients with postoper- 
ative or posttraumatic acute acalculous cholecystitis. Eight 
(0.6%) of the deaths were related to or caused by postopera- 
tive pancreatitis. One of these patients, a 42-year-old 
woman receiving high-dose corticosteroid therapy, had 
severe systemic lupus erythematosus,” pancreatitis, and 
cholelithiasis. A second 40-year-old patient, who had pan- 
creatitis and progressive systemic sclerosis,® died with 
pancreatitis following choledocholithotomy. A third 20- 
year-old patient with choledocholithiasis and sickle cell 
disease died with pancreatitis and a postoperative cerebral 
vascular accident. The remaining patients died with pan- 
creatitis, and none had untreated common duct stones. 

The majority of patients with gallstone pancreatitis have 
a mild self-limited disease process, and there is no evidence 
that prompt clearance of the common duct is harmful. Once 
necrotizing pancreatitis is established, eliminating common 
duct stones may not halt the progression of the disease. 
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Discussion 


Davip L. NAHRWOLD, Chicago: If there have been any doubts 
that operative cholangiography during routine cholecystectomy 
does not cause pancreatitis, they are dispelled by the data we have 
seen. Some groups are promoting the selective use of operative 
cholangiography. Although this concept has some merit with 
regard to the detection of common duct stones, it must be 
remembered that delineation of biliary duct anatomy is an equally 
important reason to perform routine cholangiography. Routine 
operative cholangiography has dramatically reduced the fre- 
quency of iatrogenic bile duct injury throughout the world. 

The other important message here is that the incidence of 
postoperative pancreatitis was higher in patients who underwent 
common duct exploration than in patients who did not. This also 
supports the use of routine operative cholangiography to avoid 
unnecessary common duct exploration. 

The authors should clarify the methods they used to detect 
preoperative and postoperative pancreatitis. Did all patients un- 
dergo computed tomography preoperatively and postoperatively, 
or only those patients in whom pancreatitis was suspected? 

Jon A. VANHEERDEN, MD, Rochester, Minn: It is interesting 
that the authors cited an incidence of 5% for hyperamylasemia 
following this operation. It is interesting because if one looks at 
many operations, be they abdominal or extra-abdominal, the 
incidence of hyperamylasemia is about 5% postoperatively. 

Does hyperamylasemia mean pancreatitis? We recently per- 
formed a study in patients with hyperparathyroidism and found a 
5% incidence of postoperative hyperamylasemia. We fractionated 
the amylase and found that it was salivary in origin in that 5% of 
patients. Did the authors perform isoenzyme determinations? 

LAWRENCE W. Way, MD, San Francisco: Could the data be 
interpreted further to provide some practical advice? In retro- 
spect, were there special risk factors (eg, historical findings or 
aspects of the operations) that could be turned into recommenda- 
tions on how to avoid fatal postoperative pancreatitis? Are there 
clinical lessons to be learned beyond a description of the setting in 
which pancreatitis occurred? 

Here is an example. The incidence of postoperative pancreatitis 
was 40% in patients with preexisting pancreatitis and common bile 
_ duct stones. Since postoperative pancreatitis is such a serious 
complication, does that suggest that endoscopic sphincterotomy 
would be safer than surgery for common duct stones in these 
patients who are waiting for the pancreatitis to resolve before 
undergoing a cholecystectomy? 

DavipD VANDERPOOL, MD, Dallas: Could the authors clarify 
their criteria for differentiating between pancreatitis and hyper- 
amylasemia preoperatively? Are they confident that a patient with 
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an elevated amylase level but with a completely normal ultra- 
sonogram does not have pancreatitis? 

Do the authors vary the technique of intraoperative cholangiog- 
raphy at all in the patient who has an elevated amylase level? Do 
they use a lower pressure for injection or anything else that would 
perhaps be less traumatic to the pancreas? Do the authors have a 
special treatment for the patient who has an elevated amylase level 
preoperatively and in whom dye refluxes into the pancreatic duct? 

Martin A. Apson, Rochester, Minn: After having found that 
the incidence of pancreatitis after common duct exploration was 
greater than after cholangiography alone, could the authors deter- 
mine retrospectively how many of the common duct explorations 
were justified by the finding of stones or other pathologic changes 
that required corrective surgery (findings not determined by 
cholangiography)? 

Dr HERRMANN: Dr Nahrwold’s questions on when to operate on 
patients with pancreatitis and when to perform common duct 
exploration are of critical importance. In the patient with gall- 
stones and clinical pancreatitis confirmed by imaging techniques, 
prompt determination that the common duct is free of stones by 
endoscopic retrograde cholangiopancreatography, transhepatic 
cholangiography, or operative cholangiography is necessary. If 
choledocholithiasis is present, it should be treated immediately. 

So far as the methodology in determining pancreatitis is con- 
cerned, we do not equate hyperamylasemia with pancreatitis. All 
of the clinical findings associated with pancreatitis were consid- 
ered. Upper gastrointestinal roentgenograms, ultrasonography, 
and computed tomography were utilized. Ultrasonography was 
used primarily to determine whether or not pancreatitis was 
present, and only when it was equivocal was computed tomography 
undertaken. We also utilized pancreatic enlargement and the 
presence of a phlegmon at the time of operation. We did not 
perform isoenzyme laboratory studies routinely. 

Dr Way’s question regarding the eight patients who died is 
clearly answered in the article. Most of these patients died of 
related causes such as sepsis, and others died of unrelated causes 
such as myocardial infarction. 

We believe early clearance of the common duct from stones is 
important. While our study did not answer the question of the 
timing of the operation or common duct manipulation, the outcome 
in patients operated on within 48 hours of presentation did not 
differ significantly from those patients having delayed operation. 
There may be a time period during which elimination of common 
duct stones makes a difference. It may be that earlier operation 
will help prevent some pancreatitis. 
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Surgery in Patients 80 Years 


of Age and Older 
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èe During a seven-year period, 114 patients 80 years of age 
and older underwent 119 peripheral arterial procedures. There 
were 26 elective aortic reconstructions, nine ruptured abdomi- 
nal aortic aneurysm (AAA) repairs, 33 femoropopliteal by- 
passes, 13 femorotibial bypasses, 21 femoral embolectomies, 
and 17 miscellaneous procedures. Early mortality, morbidity, 
and Goldman cardiac risk factors were determined by chart 
review. All 48 survivors returned for current noninvasive 
vascular examination and life-style assessment. Perioperative 
mortality after elective AAA resection was 4.3%, vs 78% after 
ruptured AAA. Perioperative mortality after infrainguinal by- 
pass was nil. Five-year survivals after elective aortic and 
infrainguinal reconstructions were 54% and 30%, respectively. 
Of 18 patients studied 19 to 68 months after infrainguinal 
bypass, limb salvage was achieved in 83% and graft patency in 
76%. Thirty-one long-term survivors (65%) were living at home. 
Only seven patients (15%) were confined to a wheelchair or 
were bedridden, and 28 (58%) were fully ambulatory. Periph- 
eral arterial reconstruction in patients 80 years of age and 
older can be performed safely with excellent long-term sur- 
vival and quality of life. 

(Arch Surg 1987;122:581-586) 


he relative and absolute number of elderly persons in 

the United States is rapidly rising as the result of 
increases in longevity and overall population. Many of these 
individuals develop medical problems that require surgical 
intervention. However, advanced age may mandate a care- 
ful analysis of short-term risks vs long-term benefits. The 
national economic and social impacts of these decisions are 
currently under close scrutiny. 

Several recent reports have addressed the issue of sur- 
gery in the aged.™ Specific articles have established the 
safety of cholecystectomy,‘ colon resection,” cardiac proce- 
dures,’ carotid endarterectomy,” abdominal aortic aneurys- 
mectomy,”” and vascular reconstruction” in elderly pa- 
tients. To better define operative risk and outcome after 
peripheral vascular procedures in the elderly, our experi- 
ence with patients 80 years of age and older was reviewed. 
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PATIENTS AND METHODS 


During the seven-year period ending December 1984, 114 pa- 
tients 80 years of age and older underwent 119 peripheral arterial 
operations at the La Crosse (Wis) Lutheran Hospital. Coronary 
artery bypass, carotid endarterectomy, transluminal angioplasty, 
and amputations were excluded from study. Patient ages ranged 
from 80 to 97 years (mean, 84.1 years), and 11 patients (10%) were 90 
years of age and older. There were 58 men (51%) and 56 women. 

Hospital charts were reviewed for medical history, clinical 
presentation, operative indications, noninvasive vascular labora- 
tory examination, angiographic results, procedures, perioperative 
monitoring, operative mortality, complications, discharge medica- 
tions, and disposition. Total hospital and physician charges were 
calculated by audit of the patients’ accounts. Perioperative cardiac 
risk was quantified using the method of Goldman and associates." 
The Goldman score is a multifactorial index based on nine compo- 
nents of preoperative history, physical examination, and labora- 
tory data (Table 1). Patients were then assigned to four risk 
groups, as follows: class I, 0 to 5 points; class II, 6 to 12 points; class 
ITI, 13 to 25 points; and class IV, more than 25 points. 

Current follow-up was established for all 114 patients. All 
remaining survivors returned after informed consent for examina- 
tion, noninvasive vascular laboratory evaluation, and completion of 
a life-style assessment questionnaire. Survival data through five 
years were determined by the life-table method and compared with 
the general population matched for age, sex, and race.” Statis- 
tical comparisons of results were made between groups using x° 
analysis of two proportions with Yates’ correction. The level of 
confidence was defined at P<.05. 


RESULTS 


One hundred nineteen procedures included 26 elective 
aortic reconstructions, nine ruptured abdominal aortic an- 
eurysm (AAA) repairs, 33 femoropopliteal bypass grafts, 
13 femorotibial bypass grafts, and 21 femoral embolec- 
tomies. A complete breakdown is shown in the tabulation 
below. 


Procedure No. 
Elective aortic reconstruction 26 
Ruptured AAA repair 9 
Femoropopliteal bypass 33 
Femorotibial bypass 13 
Femoral embolectomy 21 
Extra-anatomic bypass 5 
Profundaplasty 3 
Aortoenteric fistula repair 2 
Miscellaneous 7 
Total 119 
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Axillofemoral and femorofemoral grafts were placed in two 
and three patients, respectively. Profundaplasty was per- 
formed in three individuals. Aortoenteric fistula repair was 
attempted in two patients. Eighty-five procedures (71%) 
were considered elective and 34 (29%) were performed 
emergently. 

Fifteen patients (12.6%) died within 30 days of the initial 
procedure. These operative deaths followed seven ruptured 
AAA repairs, two aortoenteric fistula repairs, four femoral 
embolectomies, and two elective aortic reconstructions. 
Operative mortalities for elective and emergency proce- 
` dures were 2.3% and 38.2%, respectively (P<.01). 

Thirteen patients (11%) were assigned to Goldman car- 
diac risk class I, 36 (30%) to class II, 58 (49%) to class III, 
and 12 (10%) to class IV. Life-threatening cardiac complica- 
tions were observed in one (7.7%) class I patient, two (5.6%) 
class II patients, seven (12.1%) class III patients, and three 
(25%) class IV patients. Death from a cardiac complication 
occurred in no class I patients, one (2.8%) class II patient, 
four (6.9%) class III patients, and one (8.3%) class IV 
patient. 

Fifty-one patients died during the seven-year follow-up 
period. The exact cause of death was verified in 24 cases 
(47%), including 11 myocardial infarctions, three strokes, 
and five instances of congestive heart failure. All 48 remain- 
ing survivors were located and returned for evaluation. The 
length of follow-up ranged from 15 to 72 months (mean, 37 
months). Only seven patients (15%) were confined to a 
wheelchair or were bedridden and 28 (58%) were considered 
to be fully ambulatory. Thirty-one (65%) were living at 
home and 17 (35%) resided in a nursing facility. 


Elective Aortic Reconstruction 


Elective aortic procedures were performed for AAA 
repair in 23 patients and occlusive disease with rest pain in 


Table 1.—Calculation of Goldman Multifactorial Index 
of Perioperative Cardiac Risk 


No. of 
Factor 


. S3 gallop or signs of congestive heart failure 
on preoperative examination 

Myocardial infarction in previous 6 mo 

More than 5 premature ventricular beats/min 
Arrhythmia on preoperative electrocardiogram 
Age >70 y 

. Emergency operation 

Thoracic or abdominal site of operation 

. Evidence for significant aortic valve stenosis 

. Poor general medical condition 


—_ 


OPNDNPON 
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Table 2.—Summary of Results Following Four Most Frequent Vascular Procedures in 114 Patients Over 80 Years of Age 


Mean Goldman 30-Day 5-Year Mean Total 
Procedure No. Score Mortality, % Survival, % Charges, $ 





three patients. Aneurysm size ranged from 4.5 to 12 em. 
The preoperative average Goldman score was 16 (range, 8 to 
28). There were 12 aortic tube, nine aortoiliac, and two 
aortofemoral grafts. Pulmonary artery catheters were 
placed preoperatively in 22 patients (85%) and radial artery 
cannulae were placed in 18 patients (69%). In all patients 
intraoperative monitoring of electrocardiogram, tempera- 
ture, blood pressure, heart sounds, arterial blood gas 
levels, and activated clotting times was performed. 

There were no complications in 14 patients (54%). Peri- 
operative morbidity in 12 patients included four myocardial 
infarctions, two refractory cardiac arrhythmias, one 
stroke, and one graft thrombosis. One patient (4.3%) died 
after AAA repair and one (33.3%) died following bypass for 
occlusive disease. Overall operative mortality for elective 
aortic reconstruction was 8% (Table 2). 

Hospital stay ranged from two to 48 days (mean, 20 days) 
and all patients were admitted to an intensive care unit for 
one to 18 days (mean, six days). Hospital and physician 
charges totaled an average of $21265. 

Three-year and five-year survival after elective aortic 
reconstruction was 69% and 53%, respectively (Fig 1). 
Survival was not statistically different from that of the 
general population at any interval. At this writing, 15 
patients were still alive 12 to 72 months after aortic graft 
placement. No patient had required an amputation and all 
15 were fully ambulatory. Twelve patients (80%) were living 
at home and three (20%) resided in a nursing facility. 


Ruptured AAA Repair 


Nine individuals were admitted with a ruptured AAA. 
All patients arrived with a systolic blood pressure lower 
than 90 mm Hg. Four patients died within 24 hours of admis- 
sion—three of hemorrhage and one after myocardial infarc- 
tion. Three additional patients died within 30 days after 
operation as the result of multiple organ failure. Operative 
mortality after ruptured AAA was 78%, vs 4.3% after 
elective AAA resection (P<.01) (Table 2). 

At this writing, of the two patients who survived rup- 
tured AAA repair, one was still alive 41 months after 
operation and lived in a nursing home. The other survivor 
died 54 months after repair. Five-year survival was nil. 


Infrainguinal Bypass 


Infrainguinal bypass for the treatment of rest pain, 
ischemic ulcers, or impending gangrene was performed in 
46 patients. Preoperative angiography was done in every 
case, with only one complication. The site of distal anas- 
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Fig 1.—Comparison of survival following elective aortic reconstruc- 
tion in 26 patients over 80 years of age (circles) with survival of 
general population (triangles) matched for age, sex, and race. NS 
indicates not significant. 


tomosis was the popliteal artery in 33 patients, the anterior 
tibial artery in four patients, the posterior tibial artery in 
four patients, and the peroneal artery in five patients. 
Reversed saphenous vein was used for all 13 tibial bypasses 
and 26 (79%) popliteal bypasses. Polytetrafluoroethylene 
(PTFE) was used for six popliteal grafts and Dacron was 
used for one. The preoperative Goldman scores ranged from 
5 to 29 (mean, 12). There were three (6%) pulmonary artery 
catheters, five (11%) radial artery cannulae, and one (2%) 
transvenous pacemaker placed before surgery. 

There were no complications in 27 patients (59%). Peri- 
operative morbidity in 19 patients included one myocardial 
infarction, two strokes, two cases of mild congestive heart 
failure, one graft thrombosis, and five cases of urinary 
retention. Thirty-day mortality after infrainguinal bypass 
was nil (Table 2). l 

Hospital stay ranged from five to 118 days (mean, 19 days) 
and 17 patients were admitted to an intensive care unit for 
one to 16 days (mean, 1.3 days). Hospital and physician 
charges totaled an average of $12 593. 

Five-year survival after infrainguinal bypass was 30%, 
compared with 50% for the general population (P<.05). 
Survival was not statistically different from the general 
population up to four years after the procedure (Fig 2). The 
limb-salvage rate for the entire group, calculated by the life- 
table method, was 95% at one year and 87% at five years. At 
this writing, 18 patients were still alive 19 to 68 months 
(mean, 41 months) following infrainguinal bypass. Limb 
salvage was achieved in 15 survivors (88%) and graft pat- 
ency was confirmed by vascular laboratory findings in 14 
patients (78%). Only one patient (6%) was bedridden and 13 
(72%) were fully ambulatory. Twelve patients (67%) lived at 
home and six (33%) resided in a nursing home. 


Femoral Embolectomy 


Femoral embolectomy was performed in 21 patients. 
Embolectomy was unilateral in 17 patients and bilateral in 
four. Preoperative Goldman scores ranged from 12 to 43 
(mean, 23). Local anesthesia was used in 19 cases (91%) and 
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Fig 2.—Comparison of survival following infrainguinal bypass in 46 
patients over 80 years of age (circles) with survival of general 
population (triangles). NS indicates not significant. 
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Fig 3.—Comparison of survival following femoral embolectomy in 
21 patients over 80 years of age (circles) with survival of general 
population (triangles). NS indicates not significant. 


general anesthesia after pulmonary artery catheter place- 
ment was used in two cases (9%). There were no complica- 
tions in 17 patients (81%). One patient sustained a stroke 
and embolectomy was unsuccessful in three patients (14%). 
Four patients (19%) died within 30 days of their operation 
(Table 3). 

Hospital stay ranged from five to 35 days (mean, 13 days) 
and 11 patients were admitted to an intensive care unit for 
one to eight days (mean, 1.8 days). Hospital and physician, 
charges totaled an average of $9979. 

Five-year survival after femoral embolectomy was 25%, 
compared with 41% for the general population. Three-year 
survival was 25%, vs 61% for the general population (P<.05) 
(Fig 3). Of 17 patients who were discharged, only two (11%) 
ultimately required an amputation during follow-up. At this 
writing, seven patients were still alive 19 to 36 months after 
embolectomy. None of these patients required an amputa- 
tion. Four individuals (57%) lived at home and no survivors 
were confined to bed or a wheelchair. 
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COMMENT 


As the number of elderly persons in the United States 
increases, the prevalence of arteriosclerotic vascular dis- 
ease is expected to rise. The decision to intervene surgically 
is particularly difficult in this population. In no group of 
patients is the analysis of short-term risk vs long-term 
benefit more challenging. The risks of intervention are 
greater, and the benefits are often perceived by patients, 
families, and physicians to be limited. The goals of vascular 
reconstruction are the same regardless of age. These in- 
clude correction of potentially life-threatening conditions 
(eg, aortic aneurysm) with acceptable operative mortality 
and maintenance of limb viability, while enhancing the 
quality of life and independence. Our experience with 
peripheral vascular surgery in patients over 80 years of age 
was reviewed to determine if these goals were achieved in 
this population. 

The decision to perform elective AAA resection in pa- 
tients over 80 years of age has been controversial. Resection 
in octogenarians was discouraged by Edmunds” in 1967 
because of high operative risk and limited life expectancy. 
Recent reports have strongly refuted this opinion. Oper- 
ative mortality for elective AAA resection in the elderly 
ranged from 3% to 14% in five reports published from 1970 to 
1986.” Five-year survival ranged from 38% to 63% in 
three of these series.“ Our experience adds further 
support to the conclusion that elective AAA repair in 
patients over 80 years of age can be performed with low 
operative mortality (4.3%). Excellent long-term survival 
was also achieved, with 538% of these patients alive at five 
years. Survival was not statistically different at any inter- 
val from the general population matched for age, sex, and 
race. In addition, all survivors were fully ambulatory and 
80% were living independently in their own home. 

The outlook for patients over 80 years of age who present 
with aruptured AAA is dismal. The operative mortality has 
been reported to range from 37% to 74%."°” In the present 
series, 30-day mortality was 78% and no patient survived 
five years after repair. These results, in conjunction with 
low operative mortality and excellent long-term survival 
following elective AAA repair, have led to an aggressive 
policy of elective AAA resection in patients over 80 years of 
age at our institution. We have not employed nonresective 
treatment of AAA in any group of patients.” Nonresective 
management of aneurysms has recently been discouraged 
because the associated operative mortality and complica- 
tion rates are much higher than those of conventional 
resection of AAA in similar patients.*” Furthermore, late 
rupture of aneurysms has been reported after nonresective 
treatment.** Elective repair of AAA by conventional 
resection and interposition graft placement is clearly the 
preferred approach, even in patients 80 years of age and 
older. 

Limb-threatening ischemia due to arteriosclerosis 
obliterans may produce severe rest pain, open ulcers, or 
gangrene. Advanced age has often been considered a rela- 
tive contraindication to attempts at limb salvage by in- 
frainguinal bypass. Failure to intervene surgically will 
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frequently result in major amputation with loss of indepen- 
dence and quality of life. A more aggressive approach to 
vascular reconstruction in the elderly has recently been 
proposed.” Scher and associates” reported excellent out- 
comes following 182 vascular procedures for limb salvage in 
patients over 80 years of age. Thirty-day operative mor- 
tality after infrainguinal bypass was 6%. One-year and two- 
year survival rates were 65% and 51%, respectively. Pat- 
ency rates after femoropopliteal bypass were 95% at one 
year and 80% at two years. Patency rates after femorodistal 
bypass were 53% at one year and 44% at two years. Plecha 
et al® reported a 5.7% operative mortality and 6% early 
amputation rate in 2088 patients over 75 years of age who 
underwent elective reconstruction for occlusive disease. 

Our experience strongly supports an aggressive ap- 
proach of infrainguinal bypass in the elderly. Operative 
mortality was nil and cardiac complications were rare. 
Long-term results were excellent at an average follow-up of 
41 months. Limb salvage and graft patency were confirmed 
in 88% and 78% of survivors, respectively. Only one patient 
was bedridden and 72% were fully ambulatory at this 
writing. Twelve patients (67%) lived in their own home. 
Five-year survival rate after infrainguinal bypass was 
significantly less than that of the general population 
(P<.05). This finding has been previously documented by 
DeWeese and Rob” and Kallero et al.” 

The importance of careful preoperative assessment, in- 
traoperative monitoring, and postoperative care in this 
population must be emphasized. Preoperative evaluation of 
cardiac, pulmonary, cerebrovascular, renal, and hepatic 
function are essential and may require one or two days 
before surgery to complete. We have found the Goldman 
multifactorial index to be valuable in assessing the risk of 
life-threatening cardiac complications. Only three (6%) 
class I and II patients had a cardiac complication, vs ten 
(14%) class III and IV patients. Similarly, one (2%) class I 
and II patient died of a cardiac cause, vs five (7%) class III 
and IV patients. The predictive value of the Goldman index 
has been well substantiated by others.®® Further cardiac 
evaluation in our series included measurement of the gated 
blood pool ejection fraction, treadmill testing, and pre- 
operative placement of a pulmonary artery catheter to 
measure cardiac index, systemic vascular resistance, and 
ventricular performance. Pulmonary artery catheters were 
placed in 85% of patients who underwent elective aortic 
reconstruction. Preoperative volume loading and phar- 
macologic manipulation were used to optimize ventricular 
function. Preoperative pulmonary artery and radial artery 
catheters are routinely placed in elderly patients at our 
institution before any elective aortic procedure. A more 
selective approach for invasive monitoring, based on the 
preoperative Goldman index, is used for elective limb- 
salvage procedures. 

Pulmonary function was assessed before surgery by 
determination of the arterial blood gas level, chest roent- 
genogram, full spirometry, and calculation of pulmonary 
vascular resistance, when feasible. Renal function was 
often calculated by 24-hour creatinine clearance. Associ- 
ated cerebrovascular disease was investigated by history, — 
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examination, and carotid artery ultrasonography. Nutri- 
tional status was determined by height, weight, visceral 
protein level measurement, and skin testing. The value of 
careful preoperative assessment and preparation in high- 
risk patients has been stressed by Hollier et al and Del 
Guercio and Cohn.” The concept that the procedure begins 
long before an incision is made is paramount in achieving 
excellent results. 

Comprehensive monitoring was continued throughout 
the intraoperative and postoperative periods. Routine mon- 
itoring of the electrocardiogram, pulse, temperature, blood 
pressure, arterial oxygen saturation, clotting times, elec- 
trolytes and creatinine levels, and urine output were per- 
formed in all patients. Hemodynamic monitoring was per- 
formed at regular intervals. Intravenous mannitol was 
administered before aortic cross-clamping. Pressor and 
inotropic medications were given when appropriate. Post- 
operative pulmonary care included mechanical ventilatory 
support followed by attentive chest physiotherapy and 
early ambulation. Physical and occupation rehabilitation 
were frequently necessary in these elderly patients before 
discharge. 


In the present atmosphere of limitations in health care 
funding, we examined the costs associated with vascular 
surgery in the elderly. Only the initial hospitalization was 
included in this analysis. The average total hospital and 
physician charges for aortic reconstruction and infrain- 
guinal bypass were $21 265 and $12 593, respectively. Vascu- 
lar reconstruction in this age group is expensive. However, 
these figures must be placed into perspective by comparing 
these costs with those incurred if limb loss is conceded and 
amputation is performed. Mackey et al” reported that the 
cost of primary amputation was 43% higher than the cost of 
successful revascularization in patients with limb-threaten- 
ing ischemia. Furthermore, the loss of a limb in a patient 
over 80 years of age nearly always results in loss of 
independent care and admission to a nursing home. The 
average annual cost of a long-term nursing care facility in 
our area is $24000. Aggressive revascularization is a cost- 
effective approach to the treatment of limb-threatening 
ischemia in the elderly patient. 


The support of the James R. Trane Surgical Research and Data Center of 
the Gundersen Medical Foundation Ltd is gratefully acknowledged. 
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Discussion 


STEPHEN L. MICHEL, MD, Los Angeles: Dr Cogbill should be 
complimented on a beautiful study that indicates that, particularly 
in vascular surgery, the surgeon’s responsibility does not conclude 
with the safe, uneventful healing of the operative wound. It is all 
the more important that we hear this message, since the segment 
of the American population over 65 years of age is growing at twice 
the rate of the total population, such that in the next decade, 
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persons over 65 years of age will represent one of eight Americans. 

Several years ago, at Cedars-Sinai Medical Center, Los An- 
geles, we reviewed 225 operations done on patients 90 years of age 
or older, and we stratified them according to their use of hospital 
resources compared with all patients. There was a group of 
nonagenarians who accounted for a small number of operative 
procedures and relatively small number of admissions to our 
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intensive care unit, but they stayed in the hospital twice as long as 
the large number of other patients undergoing operative proce- 
dures at the same hospital. Certainly, these patients were admit- 
ted twice as often as the younger cohort. The nonagenarians 
underwent invasive hemodynamic monitoring more than twice as 
often, and they ran up hospital bills (exclusive of physicians’ 
bills) three times higher than those of the general surgical popula- 
tion. 

We also compared elective and emergency surgical results for a 
variety of surgical specialties. There was 27% total morbidity and 
7.5% mortality in the series of 294 operations among 225 patients. 

However, if the elective surgical procedures were factored out, 
the morbidity fell to 29% and the mortality fell to a respectable 4%, 
in sharp contrast with those 100 patients undergoing emergency 
procedures of all types, in whom the morbidity was 52% and the 
mortality was 15%. 

The entire vascular patient group did not fare poorly compared 
with the general surgical patients, except when patients undergo- 
ing emergency vascular surgery were compared with general 
surgery patients; then, the vascular cohort had a doubling of 
operative mortality. 

I think these data confirm those presented by Dr Cogbill and 
colleagues. 

JONATHAN B. Towne, MD, Milwaukee: I think the surgical 
results obtained by these authors are outstanding. There was an 
overall elective mortality of 2.8%, with a mortality of 8% for all 
aortic procedures and no mortality for distal bypasses. The authors 
have demonstrated that, with careful preoperative evaluation and 
intraoperative and postoperative monitoring, these patients can 
survive these procedures. 

The long-term results further demonstrate the value of this 
procedure, since these patients by and large can maintain indepen- 
dent existences. 

We have noted that the octogenarians’ convalescence is more 
prolonged when compared with that of younger patients, requiring 
a mobilization of the family support structures when they go home, 
or in patients who live alone, requiring them on occasion to be 
admitted to a nursing home for two to four weeks before they are 
able to maintain an independent existence. In our experience, 
certainly, patients do recover adequately, although it takes longer. 

What criteria do the authors use to designate a patient as 
inoperable for vascular reconstruction? Do the authors have any 
data regarding the outcome in these patients in terms of both 
mortality and limb salvage? 

Finally, I would like to ask the authors what criteria they use to 
determine the need for extra-anatomic bypasses, such as ax- 
illofemoral bypasses, instead of primary aortic procedures in 
patients in this age range who have aortoiliac occlusive disease? 

HARLAN D. Root, MD, San Antonio, Tex: What are the authors’ 
indications for an elective abdominal aortic aneurysm resection ina 
class I octogenarian? What size of aneurysm is operated on and 
what size is followed up? 

RoBERT S. RHopEs, MD, Cleveland: Obviously, there was some 
selection among these patients. Among the patients with ruptured 
aneurysms, were there any patients who had been previously 
turned down for elective aneurysmectomy? 

THEODORE C. Dickinson, MD, Montrose, Colo: These results 
mimic our dismal results for the ruptured abdominal aortic aneu- 
rysm and, in my small hospital, we have already used up our 
diagnosis related group dollars by the time we repair a ruptured 
abdominal aortic aneurysm. Needless to say, if a patient spends 
two weeks in the hospital, it gets worse. 

Do the authors have criteria, or have they investigated criteria, 
to help us determine which very elderly patients should or should 
not be resuscitated? 
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Davip G. ASHBAUGH, MD, Boise, Idaho: When I am faced with 
patients over 80 years of age, I do not know exactly what to 
recommend to them. I think that with ischemic legs there is no 
problem. But when you have an asymptomatic patient with an 
abdominal aneurysm who is in his middle 80s but who is in 
reasonably good health, do you always recommend surgery? 

I would like to know what other physicians do. I tend to present 
the facts to the patient and let them make the decision without 
nudging them too much the other way. 

Dr CocBILL: Since completion of our study, the preoperative 
evaluation of these patients has become more formal at our 
institution. The concept that the procedure begins long before an 
incision is made is paramount to achieving excellent results. 

We have found the Goldman index to be valuable in assessing 
cardiac risk but do not turn a patient down on this basis alone. 
Further cardiac evaluation may include measurement of ejection 
fraction and treadmill testing. In addition, a pulmonary artery 
catheter may be placed to see if ventricular performance can be 
improved by volume loading or pharmacologic manipulation before 
making the decision to offer elective reconstruction. This evalua- 
tion may require one or two days of hospitalization before surgery 
to complete. 

When patients are turned down, often it does result in amputa- 
tion. I really do not have specific data on what happened to the 
patients who were turned down, although there was, indeed, a 
selection in this series, since it was retrospective. 

Lengths of stay were clearly longer in the patients over 80 years 
of age than in the younger patients undergoing the same proce- 
dures. The mean length of stay was 19 days for both aortic and 
infrainguinal reconstructions. The median was closer to 14 days, 
compared with seven days for infrainguinal bypass in our younger 
patients and ten days for patients who underwent aortic recon- 
struction. The length of hospital stay may actually increase with 
greater utilization of a rehabilitation unit, and this is the preferred 
method for us now. Instead of sending a patient to a nursing home 
on discharge, we give them one week to ten days in our rehabilita- 
tion unit with intensive physical and occupational therapy. 

We see no role for extra-anatomic bypass in combination with 
aneurysm ligation for nonresectional management of aneurysms. 
There have been recent reports documenting disturbing rates of 
operative mortality and late rupture with this technique. However, 
we have found extra-anatomic bypass to be a viable alternative for 
the treatment of aortoiliac occlusive disease, and we have used it in 
five patients in our series. 

Dr Michel, the elderly patient clearly has less reserve for 
emergency procedures. 

Dr Root, our indication for operation in an octogenarian who is at 
good risk would be an aneurysm larger than 4 cm. We have seen 
aneurysms rupture before they achieve the magic 6-cm diameter, 
and, therefore, feel that in a good-risk patient, operating electively 
on a smaller aneurysm would obviate the need for an emergency 
operation. 

Dr Rhodes, patients who were turned down for elective aneu- 
rysm repair did show up in our emergency room with a ruptured 
aneurysm, and repair was attempted in many of the individuals. It 
is tough to face a family or a patient in the emergency room and not 
offer them anything. The alternative is 0% survival, but we feel we 
can offer these patients a small chance of survival. 

Dr Dickinson, we have identified some criteria we use to select 
patients who are at high risk and who will not make it through 
ruptured aneurysm surgery. These are patients who have pro- 
longed hypotension in the field or arrive in the emergency room 
with very low blood pressure or no blood pressure, and those who 
do not maintain any urine output. Those patients and their families 
can be best advised to not undergo any resection. 
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è Real-time B-mode venous imaging has numerous advan- 
tages for the diagnosis of acute deep venous thrombosis 
(DVT). During the 11 months ending Feb 1, 1986, we examined 
431 patients for possible acute DVT using a 5-MHz hand-held 
continuous wave Doppler stethoscope and a duplex real-time 
B-mode imager. Clots were seen in 86 patients in multiple 
views and cross sections. Normal veins completely collapsed 
with probe pressure on the skin. Blood flow was seen and 
heard, and abnormal flow was detected. There were no false- 
negatives (100% sensitivity). Early in the study, two false- 
positives occurred (78% specificity), but these errors will not 
recur. These tests are accurate, noninvasive, and inexpensive. 
They differentiate acute from chronic thrombosis and are 
repeatable. Duplex imaging may become the “gold standard” 
for the diagnosis of DVT. 

(Arch Surg 1987;122:587-591) 


iye venous thrombosis (DVT) remains an important 
cause of disability and death. Autopsy findings show 
that the incidence of DVT in hospitalized patients ranges 
from 27% to 80%.' Long-term consequences, namely post- 
phlebitic syndrome,’ are disabling. Death from pulmonary 
embolism is very frequent in high-risk hospitalized pa- 
tients.’ Early diagnosis and treatment is needed, but there 
are many false-positive and false-negative diagnoses even 
when made by experienced examiners, so that phlebograms 
or noninvasvie tests are commonly used.* Phlebography is 
an invasive study with the disadvantages that it causes 
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patient discomfort and allergic reactions, requires physi- 
cian expertise, and lacks repeatability.’ In 1982, Talbot’ 
reported the use of real-time imaging to diagnose DVT. 
Subsequently, Sullivan et al’ and Hannan et al’ reported on 
a large series of patients who underwent imaging for the 
diagnosis of DVT. In these reports and in our experience, 
duplex real-time B-mode imaging is a versatile, functional, 
as well as anatomical examination. It permits longitudinal 
and cross-sectional views in many positions, and it can 
reveal clots in the iliofemoral, popliteal, and calf veins. 
Blood flow through the veins imaged is simultaneously 
evaluated by audible Doppler ultrasound. However, duplex 
B-mode imaging can identify clots too small to cause audible 
hemodynamic changes. The imaging shows the type, loca- 
tion, and extent of the clots. This article reports our 
experience with venous imaging and its role in the diagnosis 
of DVT. Duplex B-mode imaging may supplant phlebogra- 
phy as the “gold standard” for the diagnosis of DVT. 


PATIENTS AND METHODS 


Between March 1, 1985, and Feb 1, 1986, 481 patients were 
referred to the vascular laboratory at St John’s Mercy Medical 
Center, St Louis, for diagnosis of possible acute DVT. The refer- 
ring physician suspected or wanted to rule out DVT. Some patients 
had no leg signs or symptoms but were referred because of 
suspected or proven pulmonary embolism. Others had signs or 
symptoms or several risk factors, including a history of previous 
phlebitis. Others had obvious clots and varicosities of superficial 
veins, and the physician was concerned about their possible 
extension into the deep system. Four hundred sixty-four examina- 
tions were performed on 928 lower extremities. Unless specified by 
the requesting physician, most patients underwent both hand-held 
Doppler ultrasound examination? and real-time B-mode venous 
imaging. All examinations were performed by three certified 
vascular technologists experienced with the techniques described. 

Before the examination, a history was taken and recorded with 
particular attention to the patient’s signs and symptoms, risk 
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Table 1.—Criteria for Venous Patency With 
Duplex B-Mode Imaging and Doppler Examination 





Duplex B-Mode Imaging 

Normal uniform vein content and absence of intraluminal thrombus 

Complete collapse of flexible wall when pressed by tip of imager probe 

Visible motion of valves and blood flow 

Vein diameter changes with respiration or Valsalva maneuver 

Doppler Examination 

Audible spontaneous flow that is phasic with respiration and is aug- 

mented by distal compression 









Table 2.—Results of Phiebography 
From March 1, 1985, to Feb 1, 1986* 


No. of 


Finding Patients 


Phiebogram Without Noninvasive Study 
Acute DVT 
Chronic DVT or superficial clot 
Normal 
Total 


Phlebogram With Noninvasive Study 
Acute DVT 
Chronic DVT or superficial clot 
Normal 
Total 


*DVT indicates deep venous thrombosis. 


Table 3.—Results of Noninvasive Examinations 
From March 1, 1985, to Feb 1, 1986* 


No. of 


Finding Patients 


Normal 

Abnormal 
Acute DVT 
Chronic DVT 
Superficial thrombus 
Cysts 
Incompetence 

Total 


“DVT indicates deep venous thrombus. 


factors, including previous phlebitis, and any evidence suggestive 
of pulmonary embolism. A Doppler auscultation was performed 
with a hand-held Doppler probe (Medasonic BF4A MHz). The 
patient was supine with the head and trunk elevated 15°. The 
examiner listened over the posterior tibial veins at the ankle and 
the popliteal, superficial femoral, common femoral, and saphenous 
veins at the knee and the groin. The technologist listened for 
spontaneous blood flow and noted whether the sounds were phasic 
with respiration, whether the flow augmented with distal compres- 
sion, and whether reverse flow occurred with proximal compres- 
sion. Venous imaging was then performed with a B-mode scanner 
(Biosound 2000) with a 4- or 8-MHz transducer as was appropriate 
for the particular leg or part of the leg. Besides the above- 
mentioned veins, the imager also permits examination of anterior 
tibial and peroneal veins in the calf. Longitudinal and cross- 
sectional views of the veins were obtained. A new B-mode imager 
with a smaller transducer (Biosound ND256-8) permits examina- 
tion of the popliteal veins without turning the patient. Images 
along with Doppler sounds were recorded on videotape for later 
review. The technologist graded the quality of the images, made a 
preliminary diagnosis, and diagrammed the findings. A physician 
interpreted the results of both studies. 
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Visualization of the thrombus is the major and specific criterion 
for diagnosis, but experience is required to obtain satisfactory 
images and examination. Longitudinal views permit rapid scan- 
ning of the veins, proximal and distal. Cross-sectional images are 
instantly projected when required. In normal veins, one frequently 
sees motion of the valves, and in the cross-section view the 
diameter of the vein changes with respiration. The veins are thin- 
walled, rounded in shape, flexible, and completely collapsed when 
the tip of the probe is pressed on the overlying skin. The duplex 
Doppler examination permits the technologist to listen in any 
abnormal areas and to test the spontaneity, phasicity, and augmen- 
tation of blood flow as further tests of patency. In general, acoustic 
impedance or echogenicity of flowing and clotted blood differ. 
However, fresh clot may give an appearance identical to that of 
flowing blood unless motion can be seen. The duplex Doppler 
examination allows for differentiation in these cases. Older clots 
are more brightly echogenic than fresh clots." An older clot is also 
less compressible than a fresh clot, which is slightly compressible.’ 
A summary of the criteria for venous patency is found in Table 1. 
Ninety-seven percent of the 464 noninvasive examinations were 
performed for the diagnosis of DVT. B-mode venous imaging and 
hand-held Doppler examination were done together 276 times. 
Hand-held Doppler examination alone was used in 174 examina- 
tions. Venous imaging was repeated in 14 cases to observe changes 
during anticoagulant therapy. 

During the time this study was in effect, 86 venograms were 
obtained because of suspected DVT. Sixty-five venograms were 
obtained on 58 patients who had had no noninvasive studies. More 
recently, imaging has been readily available, and phlebograms are 
seldom ordered unless results of the noninvasive studies are 
inadequate or doubtful. Only 21 venograms were considered neces- 
sary in the 431 patients who had noninvasive studies for possible 
DVT. 


RESULTS 


Results of phlebography and noninvasive studies are seen 
in Tables 2 and 3. Criteria for the diagnosis of DVT by 
phlebography were as follows: (1) filling defects that oc- 
cluded the vein completely, with exit and reentry of the dye 
via collateral tributaries; (2) filling defects that occluded 
the vein except for streaks of dye between the clot and vein 
wall at intervals; and (3) filling defects that were persistent 
and consistent on more than one film. Techniques used by 
our radiologists did not show clots in the soleal sinuses. Of 
the 58 patients in whom 65 phlebograms were obtained 
without noninvasive studies, acute DVT was diagnosed in 
24 patients (41%), and chronic DVT or superficial clot was 
seen in seven patients. Most of these patients might have 
been spared phlebography had noninvasive studies been 
performed. 

Criteria for the diagnosis of deep vein thrombosis by 
B-mode real-time duplex imaging were as follows: (1) con- 
sistent, persistent, filling defect within the lumen of the 
vein; (2) vein was not collapsed by pressure on overlying 
skin in the transverse or cross-sectional view; (3) a change, 
usually indicated by an increase in echogenicity, in the 
content of the vein—echogenicity increased as the clot aged 
a few days or weeks; and (4) changes in flow or absence of 
flow with audible Doppler examination of the vein or 
inability to induce or augment flow within the vein by 
compression of the leg distal to the transducer. 

Of the 464 noninvasive examinations performed, acute 
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Fig 1.—Duplex B-mode imaging vs phlebography for diagnosis of 
acute deep venous thrombosis. Plus sign indicates positive results 
for clot; minus sign, negative results. Duplex B-mode imaging had 
100% sensitivity and 78% specificity. 


DVT was diagnosed in 86 patients (19%). One hundred 
ninety patients were abnormal due to chronic DVT, incom- 
petence, or some other abnormality noted on imaging 
(cysts, superficial thrombosis, ete). Fourteen examinations 
were repeated to observe the progression or regression of 
disease and the effects of anticoagulant therapy. Sixty- 
seven of the 86 positive examinations were with both hand- 
held Doppler examination and duplex B-mode scanning. 
Doppler examination missed a clot seen on imaging in 11 
patients (16%). Doppler examination showed only incompe- 
tence in five patients, and results were completely normalin 
six patients. Leg swelling was the most common sign, 
present in 68 of 86 patients. Pain was present in the affected 
extremity in 47 of 86 patients. Nine of the 86 patients were 
completely asymptomatic. 

Chronic DVT was seen in 20 patients, as evidenced by 
recanalization, collateralization, and increased echogenic- 
ity and noncompressibility of thrombus. Almost all of these 
patients were symptomatic; 16 of 20 complained of pain and 
15 of 20 had swelling. Ten of these patients had had previous 
phlebitis. Doppler examination missed a clot seen on B- 
mode imaging in five of 16 (31%) patients. Superficial clot 
was diagnosed by imaging in five patients. 

In the diagnosis of acute DVT, complete occlusion was the 
most common finding, although it varied in length and in 
location. The earliest clot noted was in a single cusp of a 
superficial femoral valve. It occupied half of the diameter of 
the vein, was noncompressible, and, in our view, provided 
unequivocal evidence of clot. The phlebogram, however, 
interpreted this defect as a streaming artifact. No treat- 
ment was given, and a short time thereafter, signs and 
symptoms of a full-blown DVT appeared, and the superfi- 
cial femoral vein was found to be completely occluded. 
Considering the phlebogram as the gold standard, this 
image would have been a false-positive. Figure 1 shows the 
results of our noninvasive testing compared with phle- 
bography. Using the phlebogram as the gold standard, 
there were two false-positive diagnoses with duplex scan- 
ning. One error early in the study was an incorrect in- 
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Fig 2.—Hand-held Doppler examination vs duplex B-mode imaging 
for diagnosis of acute deep venous thrombosis. Plus sign indicates 
positive results for clot; minus sign, negative results. Doppler 
examination had 77% sensitivity and 99% specificity. 


terpretation, as a review of the tape showed no evidence of 
DVT. The other false-positive diagnosis occurred in a 
pregnant woman who delivered one day following the 
diagnosis of DVT. Although no clot was visualized on 
imaging, the abnormal Doppler examination and the non- 
compressibility of the veins were interpreted as DVT. This 
error occurred because the patient was not turned on her 
side, relieving the pressure effect of the gravid uterus on 
the inferior vena cava and iliac veins.” This maneuver is 
necessary in other noninvasive tests during pregnancy. 
Figure 2 shows the results of the hand-held Doppler ex- 
amination, using the duplex scanner as the gold standard. 
The audible venous Doppler examination is clearly not as 
sensitive as the duplex imager. 


COMMENT 


The clinical diagnosis of DVT is exceedingly difficult even 
for very experienced clinicians.‘ There are many false- 
positive clinical diagnoses due to all the other various 
causes of pain, swelling, and tenderness of the legs.” The 
diagnosis is easily missed when the obstruction is in- 
complete or when clots are bland and provoke little inflam- 
mation. Nine of the 86 patients with confirmed acute DVT 
had no signs or symptoms in the leg. These high-risk 
patients were referred because of increased temperature, 
pulse, or respiratory rates. The unique ability of the 
B-mode imager is that it can visualize veins and thrombus 
previously revealed only by invasive, static phlebography. 
Good images can exclude clots, reassuring the patient and 
encouraging the physician to seek other causes of the 
symptoms. No phlebograms are necessary unless the im- 
ages are unsatisfactory or doubtful. 

Other noninvasive tests have been found useful for the 
diagnosis of DVT, including impedance plethysmography” 
and phleborheography.“ These methods are useful for 
screening in low-risk cases. Real-time B-mode imaging is 
more sensitive and specific than methods that rely on 
hemodynamic changes only and cannot distinguish between 
acute and chronic thrombosis. The duplex imager supplies 
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Fig 3.—Algorithm for clinical evaluation of suspected deep venous thrombosis (DVT). Low- 
risk group consists of outpatients, ambulatory patients, patients with no associated illness, 
etc. High-risk group consists of hospitalized patients, patients with suspected pulmonary 
embolism, obese patients, etc. Encircled plus sign indicates positive results; encircled 
minus sign, negative results; and encircled plus-or-minus sign, inconclusive results. 


functional hemodynamic information and sees early minor 
thromboses not severe enough to cause detectable hemo- 
dynamic changes. It defines the location and extent of the 
clot, reveals early cusp thrombi and dangling clot, and can 
distinguish between acute and chronic thromboses. 

Duplex imaging also has substantial advantages over 
conventional phlebography. Imaging is less expensive, is 
painless, avoids complications, can be used in pregnant 
women, and can be repeated to follow up the course of the 
disease and the response to treatment.” It permits multiple 
views, including cross sections, in various positions of the 
leg. Real-time ultrasound images of flowing blood along 
with simultaneous auscultation of the flow offer a more 
complete anatomic and physiologic examination than is 
possible by phlebography. Indeed, it seems likely that 
duplex imaging will be the new gold standard for the 
diagnosis of DVT, 

Substantial limitations, however, remain. Skill and expe- 
rience are required to obtain suitable, satisfactory images 
of the veins. Our early examinations required an hour even 
though our personnel were experienced with B-mode imag- 
ing of the carotid arteries and with venous Doppler ex- 
amination. Currently, thorough examinations are per- 
formed for most patients in about 15 minutes. Another 
limitation has been an inability to visualize the iliac veins. 
However, the new imager with the deeper-penetrating 2.25- 
and 3.5-MHz probes reveals iliac veins and the inferior vena 
cava, unless they are obscured by overlying gas. Good 
examination of the iliac veins usually requires the patient to 
fast for eight hours prior to examination. Calf veins may be 
difficult to see because of the complicated anatomy and 
small size of the veins deep within a stout calf. Posterior 
tibial and anterior tibial paired veins adjacent to the 
accompanying artery are usually readily observed. The 
peroneal veins are more difficult. The soleal sinuses and 
muscle tributaries are seldom seen with certainty. Non- 
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visualization of the short segments of one of a pair of calf 
veins may be difficult to interpret unless that vein is more 
echogenic or unless the accompanying paired vein is en- 
larged. We noted calf vein clots in 19 of the 86 patients with 
acute DVT. Kakkar et al’ showed that 78% of small clots 
detected with radioactive iodine fibrinogen remained con- 
fined to the calf; 22% of these extended into the tibial, 
popliteal, or superficial femoral veins. These minor calf 
thrombi are not dangerous, however, unless they extend. 
Most fatal pulmonary emboli arise from the iliofemoral 
system, and small, silent pulmonary emboli arise in the 
calf.” We continue to improve our imaging of the calf, but, 
meanwhile, our recommendations for minor calf thrombi 
are elastic wrapping and early ambulation wherever possi- 
ble. Reexamination at intervals will, it is hoped, detect 
progression. 

What is a suitable screening test? For healthy, am- 
bulatory patients with minor symptoms, a screening test 
with 90% sensitivity and specificity would appear to be cost- 
effective because the likelihood of DVT is so small. Venous 
Doppler auscultation by experienced technologists and 
other noninvasive tests are suitable for this. High-risk 
patients, as described by Nicolaides and Irving,® and 
patients with suspected pulmonary embolism need the 
duplex B-mode imager. Patients with iliofemoral or 
popliteal DVT clearly require hospital treatment and 
heparin. Minor calf-vein clots can be followed up and 
reexamined and treated by ambulation and elastic wrap- 
ping. High-risk patients with minor calf thrombi, however, 
should receive heparin until they can become ambulatory or 
other risk factors diminish. Negative findings on the imager 
need no treatment, only observation. An unsatisfactory 
examination by the imager, namely, nonvisualization with- 
out other positive findings, should be followed up by a 
phlebogram. A summary of our current approach to the 
diagnosis of DVT is found in Fig 3. 
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Discussion 


JOHN M. Jounson, MD, Phoenix: Deep venous thrombophlebi- 
tis continues to be a most timely subject as it continues to be an 
elusive diagnosis. We may now have an accurate, noninvasive 
method for early diagnosis. 

The authors’ statistical analysis correlates well with other 
published data and our own unpublished data for 200 limbs 
examined in a prospective, double-blind study that used both 
venograms and B-mode ultrasound imaging. High sensitivity, 
somewhat lower specificity, and occasional false-positives were 
noted. In our experience, these false-positives can be attributed to 
the standard of comparison, namely, the venogram. It should be 
emphasized that a partially occluding thrombus lying on a pos- 
terior wall of a large leg vein is often overlooked by venography. 
Small thrombi located behind venous valves and a thrombus 
isolated to the deep femoral vein or recanalization can also be 
missed by venography. 

I admire the authors’ courage to question venography as the gold 
standard in the diagnosis of thrombophlebitis. In my opinion, the 
technician’s dedication to technique is the one common denom- 
inator for excellence. 

Longitudinal views are helpful in aging patients as well as in 
ascertaining the extent of thrombosis, but the transverse view, in 
our opinion, is the most important to maintain high sensitivity. 

We have had no experience in consistently visualizing the 
common iliac veins or the vena cava. The authors point out that this 
was also a limitation in their study, but since they had acquired the 
deeper penetration of 2.25- and 3.5-MHz probes, it was less of a 
problem. 

I have two questions for the authors: (1) How accurate are these 
new probes in the diagnosis of thrombus in the common iliac veins 
and vena cava? (2) How often are your patients reexamined if there 
is a positive finding either above or below the knee? This may be 
very important in the study of the natural history of deep venous 
thrombophlebitis. 

W. R. Fiinn, MD, Chicago: At Northwestern University, 
Chicago, we have been very interested in the application of duplex 
scanning to the evaluation of patients with venous disorders since 
our initial experience with venous valve imaging about two or three 
years ago. We certainly share the authors’ enthusiasm for the 
addition of this technique to the armamentarium of the vascular 
laboratory. 

I caution, however, against changing the gold standard on the 
basis of 21 venograms. More pertinent to the consideration of the 
diagnosis of DVT, we know that current noninvasive techniques are 
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very accurate for the diagnosis of major axial thrombi (ie, iliac, 
femoral). Since duplex scanning is both more time consuming and 
more expensive, would the authors speculate on its exact applica- 
tion, particularly in the calf vein area, which is difficult to address 
with other noninvasive techniques? Do the authors consider their 
accuracy in this anatomic area to be as good as with venography? 

ERNEST PouLos, MD, Dallas: We have been using this instru- 
mentation for a number of years now, and in the last few years we 
have been visualizing the veins. We find the technique very helpful. 

It is time consuming, however, to do the distal veins. Since most 
internists and pulmonologists believe one should not treat anybody 
for thromboembolic disease unless they have involvement of the 
femoropopliteal system and not the smaller vessels, do the authors 
believe that it is useful to spend that much time looking after those 
particular vessels? 

Dr LANGSFELD: I thank Drs Johnson, Flinn, and Poulos for 
their comments. 

As far as the imaging of iliac veins and the inferior vena cava, we 
have been doing this recently with the new 2.5- and 3.5-MHz 
probes. To achieve deep penetration, these probes sacrifice sharp 
resolution. 

We can see clot in some iliac veins. With chronic iliac occlusion, 
the abundant collaterals are very complicated and confusing. With 
more experience, we will be able to evaluate these veins better. 

We reexamine patients weekly or monthly when possible so that 
we can learn to distinguish old and new clots and observe the 
recanalization and natural history of the disease. 

The calf veins are more difficult to examine because some legs 
are stout and, of course, the anatomy is complicated. With appro- 
priate probes, proper positioning, and experienced technicians, 
good examination of calf veins is usually feasible, but there were a 
few patients in whom we were not satisfied with the results. It is 
reassuring when no clot is found in the popliteal or femoral veins, 
and we may hold off on anticoagulation therapy and reexamine the 
patient in a few days. Minor calf vein thrombi are not dangerous 
unless they extend proximally. 

I agree with Dr Flinn that 21 venograms is not a sufficient 
number for adequate comparison between the two methods. This 
small number of venograms reflects the confidence our referring 
physicians have in our vascular laboratory studies. There is no 
need for venograms when one sees occluding thrombus or cannot 
compress a vein on a cross-sectional view. Phlebograms are 
necessary only when the results of duplex scanning are doubtful. 
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Mandatory vs Selective Exploration 


for Penetrating Neck Trauma 


A Prospective Assessment 


Joseph P. Meyer, MD; John A. Barrett, MD; James J. Schuler, MD; D. Preston Flanigan, MD 


è To determine the optimal management of patients with 
penetrating wounds to zone Il of the neck, we performed a 
prospective evaluation of 120 consecutive patients with such 
injuries, correlating the results of clinical and diagnostic 
examinations with operative findings. Seven patients present- 
ing with life-threatening hemorrhage from the neck wound 
were operated on immediately; the remaining 113 patients 
underwent arteriography, laryngotracheoscopy, esophagos- 
copy, and esophagography, followed by neck exploration. 
Forty-eight major injuries were identified in 35 neck explora- 
tions. Five patients were identified with clinical and diagnostic 
findings that were considered normal preoperatively; however, 
at operation six major injuries were found in these patients. 
This study indicates that potentially lethal injuries to major 
vascular and visceral structures in the neck may go un- 
detected if selective exploration criteria are used in the deci- 
sion to explore penetrating wounds to zone II of the neck. 

(Arch Surg 1987;122:592-597) 


i Wagers exploration of all zone II neck wounds penetrating 
the platysma became a generally accepted surgical 
policy following the experience gained in trauma manage- 
ment during World War II.*? Since that time, the mortality 
rate associated with penetrating neck injuries has gradu- 
ally been reduced to the range of 3% to 7%.** This improved 
survival has been attributed to the effects of mandatory 
exploration of all neck wounds in addition to advances made 
in the care of the critically injured. 

During the past decade, however, several reports from 
large trauma centers have challenged the policy of manda- 
tory exploration.*” These reports have emphasized that 
selective management of neck wounds would reduce the 
number of unnecessary surgical explorations, with their 
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attendant morbidity and cost, without compromising pa- 
tient safety. 

To determine the optimal approach, we performed a 
complete diagnostic workup on a large group of patients 
presenting to our trauma center with penetrating injuries 
to zone II of the neck. We then used surgical exploration of 
the neck as the “gold standard” to determine whether the 
clinical examination and supplemental diagnostic studies 
were of sufficient accuracy to warrant a policy of selective 
exploration for penetrating wounds to the neck. 


PATIENTS AND METHODS 
Procedure 


During the period from Oct 1, 1983, to Oct 1, 1985, all patients 
admitted to the Trauma Unit of Cook County Hospital, Chicago, 
with a penetrating wound to zone II of the neck were entered into 
the study. Patients with life-threatening hemorrhage from the 
neck wound or oropharynx were taken directly to the operating 
room for control of bleeding and neck exploration. 

Once the airway had been secured and other life-threatening 
injuries ruled out, the remaining patients underwent aortic-arch 
and four-vessel arteriography, followed by flexible esophagoscopy, 
laryngotracheoscopy, and barium swallow roentgenography. All 
patients in this remaining group then underwent formal neck 
exploration in the operating room. At the termination of the 
procedure, a data sheet was completed for each patient, which 
included demographic information, the pertinent clinical findings 
relating to the neck wound on admission, the results of the 
preoperative diagnostic studies, and a detailed account of the 
operative findings. The data collected over this 24-month period 
were then analyzed. 


Patients 


One hundred twenty patients were entered into this prospective 
study. There were 110 male (92%) and ten female (8%) patients. The 
ages ranged from 16 to 56 years, with a mean age of 27 years. All 
patients were evaluated within 12 hours of injury. The mechanisms 
of injury in this group of patients are summarized in Table 1. 

Seven patients were operated on immediately because of life- 
threatening hemorrhage from the neck wound or oropharynx. The 
remaining 113 patients underwent diagnostic workup followed by 
neck exploration. 

A total of 148 neck explorations were performed, including 28 
bilateral neck explorations. There were 35 “positive” neck explora- 
tions (24%), and a total of 48 major injuries to structures within 
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Table 1.—Mechanism of Injury for Zone II Neck Injuries 


No. (%) of 
Mechanism Patients 
Stab wound 72 (60) 
Gunshot wound 42 (35) 
Shotgun wound 4 (3) 
Motor vehicle accident 2 (2) 


Total 120 (100) 


Table 2.—Zone II Neck Injuries 
Identified at Operation 


injuries 

Major injuries 

Common carotid artery 

Internal carotid artery 

Truncal external carotid artery 

Esophagus/hypopharynx 

Larynx/trachea 

Vertebral artery 

Internal jugular vein 

Total 


Minor injuries 
Thyroid gland 


Salivary gland 

External carotid artery branch 
External jugular vein 

Anterior jugular vein 

Cranial nerve 

Total 


Sn RO NO Oo 


zone II were identified. Patients having only minor cervical 
injuries were considered to have “negative” neck explorations. 
Thirty such injuries were identified at operation; Table 2 summa- 
rizes these injuries. 

Other major injuries outside of zone II were excluded from 
consideration as major neck injuries because their diagnosis and 
treatment were not within the operative exposure of a standard 
zone II neck exploration. During the course of standard neck 
exploration, 23 major extracervical injuries were identified and 
treated: 


Site No. of 
Injuries 

Subclavian artery 
Subelavian vein 
Innominate vein 
Thyrocervical trunk 
Thoracic duct 
Mandible fracture 
Spinal cord 
Brachial plexus 
Total 
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Treatment 


Six common carotid artery injuries were treated by either 
primary repair (n=2), carotid endarterectomy (n=1), or auto- 
genous saphenous vein grafting (n= 3). Of the three injuries to the 
internal carotid artery, one injury was treated with excision and 
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end-to-end anastomosis, and two injuries near the base of the skull 
were treated by ligation. Three injuries to the truncal external 
carotid artery and one injury to the cervical portion of the 
vertebral artery were treated by ligation. Five of the nine injuries 
to the internal jugular vein were treated by lateral phleborrhaphy, 
and four venous injuries were ligated. The 13 esophageal or 
hypopharyngeal injuries were treated with interrupted silk-suture 
closure, and 13 laryngeal or tracheal injuries were treated with 
interrupted absorbable-suture repair. Tracheostomy was also per- 
formed for floor-of-the-mouth or laryngeal injuries, and all neck 
wounds were drained with dependent Penrose drainage. 

Injuries to the brachiocephalic vessels required additional me- 
dian sternotomy or left thoracotomy, and three patients with 
coexisting abdominal injuries required exploratory laparotomy. 
One patient required craniotomy for débridement and evacuation 
of blood clots. 


RESULTS 


Of the 35 patients with positive neck explorations, one 
patient (3%) died postoperatively. This patient had been 
transferred to our center with hypoxic encephalopathy 
resulting from attempted intubation at an outlying hospital. 
Injuries to his vertebral artery and esophagus were re- 
paired, but he died of pulmonary sepsis 22 days later. 

Six other patients (17%) in the positive exploration group 
sustained postoperative complications, including three cer- 
vical esophagocutaneous fistulas and two chylous fistulas, 
all of which closed spontaneously following a period of 
hyperalimentation. One patient sustained a blowout of a 
carotid artery repair on the tenth postoperative day and 
required median sternotomy and ligation of the left common 
carotid artery just off the aortic arch to control hemor- 
rhage. He had previously undergone repair of injuries to 
the trachea, esophagus, internal jugular vein, and common 
carotid artery following a gunshot wound to the neck. 
Arterial infection caused this anastomotic disruption. No 
attempt was made to revascularize the carotid artery, and 
the patient recovered with no neurologic sequelae. In 
addition, there was no neurologic complication following the 
management of nine common carotid artery and internal 
carotid artery injuries. Excluding three patients with 
spinal cord transection, the duration of hospital stay in the 
group with major injuries ranged from four to 29 days and 
averaged ten days per patient. 

No deaths occurred among the 85 patients undergoing a 
total of 113 negative neck explorations. In the recovery 
room, one patient developed a neck hematoma requiring 
operative evacuation, for an overall complication rate of 1%. 
The duration of hospital stay in this group averaged 3.8 days 
per patient. 

The overall complication rate in this series of 120 patients 
was 6%, and the overall mortality rate was 0.8%. 


EVALUATION OF THE ACCURACY 
OF THE NONOPERATIVE ASSESSMENT 


Patients were considered to have evidence for a signifi- 
cant injury if they had any of the following clinical signs on 
admission: (1) subcutaneous or retropharyngeal air; (2) 
hoarseness or stridor; (3) active external hemorrhage; (4) 
active oropharyngeal hemorrhage; (5) large, expanding, or 
pulsatile hematoma; (6) sucking neck wound; (7) absent 
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Table 3.—Accuracy of Nonoperative Assessment* 


Variable C A 
1 
1 


A RT LT FE E CA/DS 
Accuracy, % 68 Din Te AN Try 96 
PPV, % 47 was ass ies beams 100 
NPV, % 
*CA indicates clinical assessment alone; ART, arteriography; LT, laryngo- 
tracheoscopy; FE, flexible esophagoscopy; E, esophagography; CA/DS, 


clinical assessment combined with diagnostic studies; PPV, positive predic- 
tive value; and NPV, negative predictive value. 








Table 4.—Potentially Missed Injuries Using Only 
Preoperative Clinical Assessment 


Patient 


1 Esophagus 

Esophagus, internal jugular vein 

Internal carotid artery, internal jugular vein 
Truncal external carotid artery 

Internal jugular vein 

Internal jugular vein 

Internal carotid artery 

Esophagus 

Common carotid artery 


Site of Injury 
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Table 5.—Potentially Missed Injuries Using 
Combination of Clinical Assessment and Diagnostic Studies 






Site of Injury 


Esophagus 
Internal jugular vein 

Internal carotid artery 

Common carotid artery 
Esophagus, internal jugular vein 
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pulse over a carotid artery; or (8) bruit or a thrill in the neck. 
Using the operative findings of neck exploration as the gold 
standard, the accuracy of preoperative clinical assessment 
alone was determined and is listed in Table 3, column 2. The 
results of preoperative arteriography, laryngotracheos- 
copy, esophagoscopy, and esophagography were then com- 
pared with the operative findings of neck exploration; these 
findings are listed in Table 3, columns 3 through 6. Finally, 
the accuracy of the combined assessment (the preoperative 
clinical assessment plus the data from all preoperative 
diagnostic studies) was determined and is listed in Table 3, 
column 7. The nine patients who were found to have a false- 
negative preoperative clinical assessment had 11 major 
injuries identified at the time of neck exploration, as shown 
in Table 4. The five patients with a false-negative combined 
assessment had six major injuries identified at the time of 
neck exploration, as shown in Table 5. 


COMMENT 


For the purpose of classification, wounds to the neck have 
been grouped into three separate anatomic zones, as em- 
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phasized in an earlier report from our institution.‘ Zone I 
extends from the heads of the clavicles inferiorly and 
includes the root of the neck or thoracic inlet. Zone III 
extends from the angle of the mandible superiorly to the 
base of the skull, and zone II is that area between zones I 
and III. 

Surgical exposure of vital organs and vascular structures 
in zone II is readily and easily obtained through a standard 
vertical neck incision along the anterior border of the 
sternocleidomastoid muscle. Adequate exposure of struc- 
tures within zone I, however, may require resection of the 
clavicle or first rib, median sternotomy, or thoracotomy. 
Similarly, gaining proper exposure in zone III may require 
mandibular resection, dislocation, or even craniotomy. Be- 
cause of the substantial morbidity associated with adequate 
visualization of the structures within zones I and III, most 
surgeons would agree that nonoperative management of 
penetrating wounds to these zones is a prudent approach 
unless there are specific indications of a major injury. 

There is little disagreement that patients with zone II 
neck trauma exhibiting signs or symptoms suggesting a 
significant vascular or visceral injury must undergo neck 
exploration. The real controversy, therefore, centers 
around the most appropriate management of the patient 
with a zone II neck wound with no significant clinical 
findings. Recommendations have varied from mandatory 
surgical exploration whenever the platysma is violated to 
careful observation of selected patients, often supple- 
mented by various diagnostic studies.'" A central issue in 
this controversy is disagreement about the ability to diag- 
nose the presence or absence of injury to vital structures in 
the neck without surgery. The present study was con- 
structed to determine the accuracy of the nonoperative 
assessment and thereby to evaluate the safety of the policy 
of selective management of zone II neck wounds. 

It has been argued that neck exploration does not, in fact, 
represent the gold standard of accuracy in the assessment 
of injuries to structures in the neck. Previous reports of 
missed injuries to the carotid artery and esophagus during 
neck exploration, which resulted in complications and re- 
quired reoperation, can be found in the literature.”” In this 
series, there were no early complications as a result of 
missed major injuries. There was no late complication prior 
to discharge from the hospital, and we therefore assume 
that all major injuries were identified in the operating room 
and appropriately treated. The present study suggests, 
then, that surgical exploration of the neck is a highly 
accurate diagnostic tool and does represent the modality 
with which other diagnostic techniques must be compared. 

The low percentage of positive explorations (24%) in this 
group of 120 patients is a reflection of the strict criteria used 
to define such injuries, ie, injuries having the potential for 
significant complication if left untreated. Injuries to such 
sites as minor neck blood vessels, cranial nerves, and 
salivary glands were thought to represent injuries with a 
fairly innocuous natural history and were excluded from 
consideration as major injuries. In addition, injuries to 
major structures outside of zone II discovered during the 
course of standard neck exploration, such as the subclavian 
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vessels or brachial plexus, were also excluded because the 
issue at hand was the accuracy of preoperative investigation 
vs surgical exploration of structures within the limits of 
zone II. 

Thus, major injuries were defined to be limited to the 
carotid artery and its major branches, the vertebral artery, 
the internal jugular vein, and the cervical portion of the 
aerodigestive tract. These injuries were thought to present 
a potential for substantial morbidity if not promptly 
treated. Unrecognized injuries to major arteries in the neck 
are known to have disastrous consequences, including sec- 
ondary hemorrhage and arterial thrombosis. Likewise, 
delay in recognition of injuries to the cervical portion of the 
aerodigestive tract can lead to fatal mediastinitis. Late 
sequelae of injuries to the internal jugular vein, such as 
secondary bleeding or venous thrombosis with pulmonary 
embolus, probably occur only rarely; on the other hand, 
active external hemorrhage or hematoma formation with 
airway compression are commonly seen in the acute setting 
following an injury to the internal jugular vein. For this 
reason, lesions of the internal jugular vein were also consid- 
ered as major zone II neck injuries. 

Several authors who advocate selective management of 
patients with penetrating neck wounds base their decision 
to operate solely on the presence or absence of clinical 
findings suggestive of a significant injury.” Thirty of 120 
patients in this study who presented with significant clini- 
cal symptoms or signs were ultimately found at operation to 
have no major injury. More ominously, an additional nine 
patients were identified with no significant preoperative 
clinical findings and were found at surgery to have 11 major 
injuries, including injuries to the esophagus (n= 3), internal 
carotid artery (n=2), common carotid artery (n=1), exter- 
nal carotid artery (n=1), and internal jugular vein (n= 4). 

Previous reports have emphasized the accuracy of emer- 
gency diagnostic arteriography in penetrating trauma. ™” 
Arteriography was 96% accurate in the present study, but 
we were disturbed to find four patients with false-negative 
arteriograms. These four injuries missed by arteriography 
included false aneurysms of the common as well as internal 
carotid artery and intimal fractures of the common and 
truncal external carotid artery. In retrospective review of 
the arteriograms, two injuries may have been obscured by 
overlying bullet fragments and oxygen tubing, and two 
injuries were not evident on arteriography. 

The combined use of direct laryngoscopy and flexible 
tracheobronchoscopy was 100% accurate in the diagnosis of 
tracheal and laryngeal injuries in the present series. How- 
ever, six injuries to the cervical portion of the hypopharynx 
or esophagus identified at surgery had gone undiagnosed 
by either esophagoscopy or esophagography. In four of 
these patients, the injury was located within 1 cm of the 
cricopharyngeal muscle, where circumferential inspection 
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of the esophageal mucosa with the endoscope is difficult. 

The majority of surgeons who favor selective manage- 
ment of neck wounds base their therapeutic decision on 
clinical findings and the results of the diagnostic stud- 
ies.’" Five patients in our group of 120 patients had both 
clinical examination and diagnostic studies that were nor- 
mal preoperatively; these patients subsequently were 
found to have injuries to the carotid artery (n=2), the 
esophagus (n= 2), and the internal jugular vein (n= 2) at the 
time of neck exploration. 

We believe that this study has defined, to a certain extent, 
the accuracy of various diagnostic modalities used to evaluate 
the patient with a penetrating neck wound. The inadequacy of 
the clinical assessment alone as a predicting factor for the 
presence of injury has been demonstrated. When the findings 
of the clinical examination and all diagnostic studies were 
considered together in evaluating the injury, they were much 
more accurate; nonetheless, five patients were identified as 
having major injuries that had gone undiagnosed even with a 
complete preoperative evaluation. 

A prospective study designed to actually compare the 
results of selective management with those of mandatory 
exploration would have to enroll very large numbers of 
patients in each group to arrive at a conclusion of statistical 
significance, because the safety and efficacy of the two 
methods has been demonstrated over the years to be 
comparable. Thus, the results of this study per se will more 
than likely not settle the controversy over which approach is 
superior. However, this study has demonstrated that a 
small percentage of major injuries, which carry a high 
morbidity and significant mortality, will be missed if selec- 
tive exploration criteria are used in the decision to explore 
penetrating wounds involving zone II of the neck. The 
decision each clinician must make is whether he or she is 
willing to perform a substantial number of negative proce- 
dures to diagnose the small percentage of injuries that will 
go unrecognized if a selective approach is used. 

We have found that neck exploration is a highly accurate 
means of assessing potential injuries and an extremely safe 
procedure with a complication rate of less than 1% for 
negative exploration. Our overall mortality rate of 0.8%, 
despite many complex injuries, compares favorably with 
other data available in the literature. In addition, there is 
recent evidence to suggest that the financial cost of a 
negative neck exploration is comparable with the cost of 
admission to the hospital for arteriography, panendoscopy, 
and observation." The only apparent disadvantages of 
mandatory neck explorations are the cosmetic appearance 
of the surgical incision and the slightly longer hospital stay 
for the surgical group compared with that of the observed 
group. For these reasons, we continue to advocate manda- 
tory surgical exploration for all zone II neck wounds that 
penetrate the platysma. 
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Discussion 


ROBERT J. FREEARK, MD, Maywood, Ill: The concept that 
penetrating injuries should be managed according to the area of 
involvement in the neck has been standard teaching at the Cook 
County Hospital for many years, and I suspect it is appropriate 
that the authors bring us up to date not only with this excellent 
analysis of the alternatives to mandatory exploration but also with 
the results obtained in that setting. I think the authors have madea 
rather compelling case for my personal bias in favor of mandatory 
exploration. 

Realistically, we have to recognize that whether we like it or not, 
many of these neck wounds are going to be seen by physicians other 
than skilled trauma surgeons, at least on their arrival in the 
emergency room. We have to implement a policy that will protect 
the majority of these kinds of patients irrespective of who sees 
them initially. 

When a patient with a penetrating wound to the midneck region 
is brought into an emergency room, that patient is at risk for death 
due to asphyxia. In this setting, asphyxia has two possible 
mechanisms. It may be the result of a direct injury to the patient’s 
airway. Alternatively, it may be the result of an injury to an artery 
that will suddenly begin to bleed and either flood or compromise 
the airway. 

Since massive bleeding and airway compromise are the two most 
serious considerations, they should be addressed very early in the 
management of such a patient. If air is moving satisfactorily, the 
physician can gently place a stethescope on the neck and listen for 
bruits, as well as obtain a plain x-ray film to locate the missile in the 
case of a gunshot wound. The patient should then be taken to the 
operating room and approached very cautiously, particularly in 
regard to insertion of his airway. No one should try to intubate the 
patient until facilities and talent are available to open the neck or 
airway, if either of these recourses is required! 

Dr Meyer has told us that his group often intubated an airway 
before taking the patient to the x-ray department for all of these 
diagnostic studies. I would caution against intubating such a 
patient in the emergency room without the facilities to quickly 
open the neck in the event that an attempted intubation results in 
bleeding that quickly compromises the airway. 

It seems to me that the case for early control of the airway and 
bleeding at surgery is a clear one aimed at saving lives. It has, as 
the authors have demonstrated, the lowest risk of missed injury, 
and it avoids all these costly and sometimes dangerous diagnostic 
studies. On the other hand, this procedure is, in fact, unnecessary 
in 50% to perhaps 80% of patients. The lower of these two 
percentages was more characteristic of this series. The cost of 
exploration is not to be ignored, and the morbidity and mortality of 
surgery and anesthesia, which in this case were virtually nil, are 
not compelling reasons to pursue it. 

I reinforce their primary conclusion and plan to continue manda- 
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tory exploration for zone II injuries. I urge all of you to establish 
such a policy in your emergency department irrespective of who 
initially sees the patient. 

CHARLES E. Lucas, MD, Detroit: In 1956, Dogelman and 
Stewart established the role of routine neck exploration for zone II 
penetrating wounds. In the late 1960s, Dr Freeark stressed the 
importance of routine exploration of zone II injuries when he 
described the death of a 15-year-old girl in whom blood from a 
carotid artery injury suddenly entered her esophagus while a neck 
stab was being leisurely sutured. Dr Sankaran collected our own 
data for analysis, and we reaffirmed this principle in a 1971 
publication. 

My own views were held with a religious tenacity. These views 
began to corrode during the late 1970s when the surgical residents 
involved with the evaluation of patients with neck wounds would 
routinely have me assisting a junior surgical resident on the 
negative explorations while the senior surgical resident was al- 
ways there to operate with me on the positive explorations. Co- 
incidence? Not likely! It seemed like déja vu, a revisiting of the 
same controversy concerning patients with stab wounds to the 
abdomen. Interestingly, the Cook County Hospital was one of the 
first institutions to demonstrate that surgeons should not man- 
datorily explore all patients with stab wounds to the abdomen. 
When the Cook County Hospital group presented their retrospec- 
tive data last year, Dr Ravitch commented, “We have learned [that] 
many doctrines of our youth have no validity.” He proposed a 
prospective study, which turns out to be the present one. 

This is an outstanding prospective study. The authors have 
reported that 113 of 120 patients with zone II injuries were stable 
and could be assessed early by multiple diagnostic modalities. 
They clearly defined the limits of clinical assessment and demon- 
strated that this clinical assessment could lead to a 24% incidence of 
unnecessary operations and an 8% incidence of undiagnosed major 
injuries, They have also documented the reliability of the laryngo- 
bronchoscopy and tracheoscopy and the inadequacy of esopha- 
goscopy and barium swallow roentgenography as part of this 
assessment. I fully agree with these conclusions. 

In contrast, I am disappointed with their 24% false-negative rate 
for patients who have injured arteries. In talking with Dr Benitez, 
who is continuing to keep our records, I was assured that our data 
show a much lower rate. 

Most important, the authors demonstrated that the combined 
modality approach eliminated the need to do 85 unnecessary 
operations. Concerning the five patients with unrecognized major 
injuries with this diagnostic approach, I believe that the two 
patients who had esophageal injuries would have developed medi- 
astinal air or symptoms within the following six hours. The one 
patient with an isolated internal jugular injury would have done 
well and developed no symptoms without exploration, and the two 
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patients with arterial injuries would have either developed cor- 
rectable symptoms at a later date or remained asymptomatic, 
depending on the diagnosis. 

I wonder if the study on unrecognized arterial injuries, which 
was reported earlier in this meeting, applies to this last comment. 

The authors have my compliments on an excellent prospective 
study. I will quote it for the next 20 years as support for a policy of 
selective observation for penetrating zone II neck injuries. 

ERWIN R. THAL, MD, Dallas: This report supports my bias, but 
I am not sure that the data really support the conclusions. 

There is a problem of the missed venous injury, and I would be 
interested in knowing more about the long-term follow-up. 

We recently studied 119 patients, all of whom were operated on 
following diagnostic workup. We performed not only flexible 
endoscopy but also rigid endoscopy, and we found that the combina- 
tion of both flexible and rigid endoscopy did not miss any of the 11 
esophageal injuries in our series. That was not true of flexible 
endoscopy by itself, in which we had an almost 50% rate of error. I 
caution that perhaps rigid endoscopy is better for the cervical 
esophageal injury. 

In the 119 patients, we had no false-positive or false-negative 
results with arteriography, and we have found arteriography to be 
extremely reliable. 

We are not sure of the natural history of the missed venous 
injury. There were four internal jugular veins that were missed, 
and if the injuries were asymptomatic, I am not certain that data 
exist to support the premise that those go on to cause more 
problems clinically. 

I was impressed with the authors’ 96% accuracy rate using the 
diagnostic studies described in this series. On the other hand, Iam 
concerned about the 76% incidence of procedures that yielded 
normal findings, which I think should be reviewed critically. 

ALEXANDER J. WALT, MB, CHB, Detroit: Now that you have 
made this decision, I presume that you will conduct mandatory 
exploration. Are you going to abandon arteriography completely? 

Dr Meyer: Dr Freeark, many of the principles of trauma 
management that you alluded to were established by you and your 
colleagues during the late 1960s and early 1970s at Cook County 
Hospital. We have continued to adhere to those sound surgical 
principles in the management of the traumatized patient. 

Regarding the arguments in favor of routine neck exploration, 
we agree that neck exploration represents the most accurate mode 
of assessing injuries. Although selective management has been 
shown to be a relatively safe approach over the years, we are quite 
satisfied with our low morbidity following a policy of mandatory 
neck exploration. 

The argument against routine neck exploration is that it is 
unnecessary 60% to 80% of the time. A recent publication, how- 
ever, compared the financial cost of negative neck exploration to 
the cost of admission to the hospital, panendoscopy, and ar- 
teriography. The patients who underwent a negative neck explora- 
tion actually had a slightly lower cost of hospitalization compared 
with the group that were observed. Thus, there does not appear to 
be any financial advantage to selective management of penetrating 
neck wounds. We feel, therefore, that if a negative neck exploration 
can be performed with an acceptable mortality rate (zero) and a 
minimal morbidity rate (less than 1%), it then represents the most 
accurate and safest approach to the patient with a penetrating zone 
II neck wound. 

Dr Lucas, we agree that an injury to the internal jugular vein, 
unless it presents acutely with external hemorrhage or hematoma 
with airway compression, will more than likely have a benign 
natural course. Thromboembolic problems following as a late 
complication probably occur rarely, if at all. We included injuries to 
the internal jugular vein as major neck injuries because of the 
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morbidity related to their acute presentation. 

On the other hand, air seen in the mediastinum following an 
esophageal injury may represent an active mediastinitis, which 
will carry a significant morbidity and mortality. We argue that a 
much safer approach to injuries of the cervical esophagus would be 
prompt identification of the injury in the operating room, followed 
by débridement, closure, and drainage before an active infection 
develops. Nearly every large series of neck trauma managed 
selectively has one or two patients who developed either a cervical 
abscess or mediastinitis as a result of overlooked injury to the 
cervical esophagus. 

Regarding arterial injuries, there is no question that acute 
problems, including active bleeding, arteriovenous fistulas, false 
aneurysms, and intimal fracture, need to be taken care of imme- 
diately because of the significant potential complications of ex- 
sanguination, airway compromise, or cerebral infarction. 

We have seen several examples of delayed complications from 
missed arterial injuries as well, including patients presenting to us 
with an expanding false aneurysm or arteriovenous fistula weeks 
or even months after the original injury. I can recall one unfortu- 
nate young man we saw 14 days following an ice-pick injury to zone 
II of the neck that was managed nonoperatively. He presented with 
an 8-cm false aneurysm of the internal carotid artery and extending 
to the base of the skull. This aneurysm underwent spontaneous 
thrombosis shortly after we had admitted him for treatment, 
resulting in a massive cerebral infarction and hemiplegia. Thus, it 
seems possible that an occasional patient who is managed “success- 
fully” using a nonoperative approach may in fact be discharged 
from the hospital with an arterial injury that can cause problems at 
a later date. 

Dr Thal, I think your point about rigid esophagoscopy is 
excellent. The missed esophageal injuries in our series using 
flexible endoscopy were usually in an area where the walls of the 
esophagus tended to collapse over the endoscope, making circum- 
ferential inspection of the mucosa more difficult. Rigid esopha- 
goscopy using a larger-bore instrument might circumvent this 
problem. We, too, were somewhat dismayed at the accuracy of 
angiography in this series; we had, in fact, four false-negative 
arteriograms. After carefully reviewing the angiograms retro- 
spectively, we found that in two of the studies there were overlying 
oxygen tubing and bullet fragments that may have obscured our 
view of the vessels, but the other two injuries were simply not seen 
on arteriograms and were not identified until surgery. 

The question has been raised about whether our conclusions— 
specifically the recommendation for mandatory exploration for 
zone II neck wounds—is justified in view of the results of this 
study. Certainly, an accuracy rate of 96% using selective criteria is 
acceptable; this should come as no surprise since selective manage- 
ment has been used successfully by various groups during the past 
decade. Our point is that mandatory surgical exploration is more 
accurate, extremely safe, and possibly just as cost-effective as 
selective management. The decision each clinician must make is 
whether to perform a substantial number of negative procedures in 
order to diagnose the small percentage of injuries that will go 
unrecognized if a selective approach is used. 

Dr Walt, your point regarding arteriography is a good one. We do 
not feel that it is necessary to perform angiography on patients 
with neck injuries confined to zone II of the neck. However, 
roughly 30% of the patients we saw with a zone II neck injury had a 
coexisting injury into either zone I or zone III of the neck, and in 
those patients we would obtain angiography routinely. Likewise, 
we feel that esophagoscopy and esophagography as preoperative 
studies are unnecessary in patients with zone II neck injuries 
because we routinely explore these injuries. 
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Technical Defects as a Cause of Early 


Graft Failure After Femorodistal Bypass 


Larry L. Stept, MD; William R. Flinn, MD; Walter J. McCarthy III, MD; 
Stephen T. Bartlett, MD; John J. Bergan, MD; James S. T. Yao, MD, PhD 


è Technical defects threaten the early patency of infra- 
inguinal bypass grafts. We reviewed 849 cases of femorodistal 
bypass to determine the incidence of technical graft failure, as 
well as other causes of early graft occlusion. The efficacy of 
adjunctive intraoperative arteriography was assessed. Early 
graft failure occurred in 62 (7.3%) cases and was due to 
technical defects in nine (14.5%) cases. Embolization caused 
early failure in six (9.7%) cases, coagulation disorders caused 
occlusion in ten (16.1%) cases, and failure was due to inade- 
quate runoff in seven (11.3%) cases. No identifiable cause of 
graft thrombosis was found in 30 (48%) cases, but thrombec- 
tomy and empiric anticoagulation therapy salvaged 25 of these 
grafts. Intraoperative arteriography was very specific (98%) 
and moderately sensitive (76%) for the detection of technical 
defects in this series. Technical defects appear not to be the 
most common cause of early infrainguinal bypass graft failure 
and were found in only 1% of all cases reviewed. Critical 
attention must be given to other causes, such as emboli, and 
particularly to disorders of the host coagulation system that 
may threaten the success of the procedure. 

(Arch Surg 1987;122:599-604) 


s Bea defects that occur during femorodistal bypass 
have often been cited as the most common cause of early 
graft thrombosis. Graft failure rates as high as 55% have 
been reported to be due to such technical defects as intimal 
flaps, anastomotic narrowing, twisting or kinking of the 
graft, or thrombus formation.'" A number of techniques 
have evolved to detect and eliminate technical problems 
before termination of the original surgical procedure, in- 
cluding completion intraoperative arteriography,’* mea- 
surement of graft flows,” B-mode ultrasonography,* and 
pulsed Doppler spectral analysis.’ The exact impact of 
these methods has remained uncertain. Additionally, surgi- 
cal techniques have evolved to include the in situ saphenous 
vein bypass,” orthograde or nonreversed saphenous vein 
grafting,“ and composite” or composite-sequential by- 
pass.” Host coagulation defects have also been recognized 
to cause early failure of a distal bypass graft, including 


Accepted for publication Jan 27, 1987. 

From the Division of Vascular Surgery, Department of Surgery, North- 
western University Medical School, Chicago. Dr Bartlett is now with the 
University of California, Davis, School of Medicine, Sacramento. 

Read before the 94th Annual Meeting of the Western Surgical Associa- 
tion, Dearborn, Mich, Nov 18, 1986. 

Reprint requests to Division of Vascular Surgery, Northwestern Univer- 
sity Medical School, 303 E Chicago Ave, Chicago, IL 60611 (Dr Flinn). 


Arch Surg—Vol 122, May 1987 


antithrombin III deficiency™” and heparin-induced throm- 
bocytopenia.”” These factors may also influence the inci- 
dence of early graft failure. 

The present study was undertaken to review a series of 
infrainguinal bypass procedures to determine the incidence 
of technical defects that caused graft failure. The efficacy of 
adjunctive intraoperative arteriography for detection and 
reversal of technical difficulties in these procedures was 
also examined. 


PATIENTS AND METHODS 


The records of 849 femorodistal bypass procedures performed 
from October 1978 to January 1986 were reviewed retrospectively. 
Intraoperative completion arteriography was performed routinely 
after femorodistal bypass by direct injection of contrast medium 
into the graft after completion of all anastomoses. Arteriographic 
views were obtained to assess the technical appearance of the 
distal anastomosis(es) and pedal arch circulation. 

Doppler arterial examination was performed to document the 
efficacy of the procedure during the immediate postoperative 
period. If graft failure was documented, reexploration was under- 
taken if there was no contraindication to further surgical interven- 
tion. Exploration of the distal anastomosis was performed to allow 
direct inspection of the entire perianastomotic region, usually 
under loupe magnification. More proximal wound or graft explora- 
tion was performed based on operative findings and the type of 
graft used for the procedure. 

Two groups of patients were selected for analysis. In group I, 
patients experienced early graft failure (within 72 hours). All 
patients underwent reexploration. The intraoperative arteriogram 
and the operative manipulation based on that study were reviewed. 
Technical problems discovered were evaluated, with attention to 
their mode of correction. When no technical defect was found, the 
cause of graft failure was determined by the subsequent phar- 
macologic management or additional hematologic or angiographic 
findings. 

Patients in group II had unsatisfactory initial intraoperative 
arteriograms. Most of these patients underwent local exploration 
or revision before completion of the initial surgical procedure. The 
nature of the arteriographic findings was compared with subse- 
quent surgical findings and with the ultimate fate of the recon- 
struction. 


RESULTS 
Group | (62 Patients) 


Among the 849 femorodistal bypass procedures, graft 
failure occurred within 72 hours postoperatively in 62 cases 
(7.3%). Bypass was performed with a polytetrafluoro- 
ethylene (PTFE) graft in 38 cases, with reversed or ortho- 
grade (nonreversed) saphenous vein in 20 cases, and witha 
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composite-sequential graft in the remaining four proce- 
dures. Bypass was to the popliteal artery in 12 cases and to 
an infrageniculate vessel in 50 cases. A summary of the 
causes of early graft failure in this series is shown in the 
following tabulation: 


No. (%) of 
Cause Cases 
Technical 9 (14.5) 
Embolism 6 (9.7) 
Coagulation disorders 10 (16.1) 
Inadequate runoff 7 (11.3) 
Unknown 30 (48.4) 

Total 62 (100.0) 


Technical defects caused graft failure in nine cases (eight 
veins and one PTFE, or 14.5%) (Table). An intimal flap at or 
near the distal anastomosis was noted in four cases (Fig 1). 
A valve cusp at the distal anastomosis in a reversed saphe- 
nous vein graft caused anastomotic narrowing in one case. 
Midgraft complications of valve lysis were found in three 
nonreversed (orthograde) saphenous vein grafts. One vein 
graft was entrapped in an errant tunnel between the medial 
head of the gastrocnemius and semitendinosus muscles. 

Karly graft failure was due to atheromatous embolization 
or thromboembolism in six cases. Reexploration disclosed 
normal anastomotic anatomy in all cases, with a small plug 
of well-organized thrombotic debris in four of the six cases. 
In two cases, repeated distal arteriography disclosed new 
filling defects in previously patent distal vessels. Infrarenal 
aortic atheromatous disease and a small aortic aneurysm 
(Fig 2) were found to be the source of embolic graft failure in 
two cases; these patients required surgical treatment. No 
specific source could be identified in the remaining four 
patients. After thromboembolectomy, graft patency was 
maintained successfully with systemic anticoagulant ther- 
apy in five cases. A single patient suffered reocclusion of the 
graft and required below-knee amputation after significant 
embolic compromise of a previously patent pedal arch. 

Disorders of coagulation were believed to cause early 
postoperative graft failure in ten cases. Acquired anti- 
thrombin III deficiencies were identified in two patients, 
and systemic anticoagulant therapy was therapeutically 
inadequate in eight cases. Anticoagulant therapy was em- 
pirical in these cases because of previous distal bypass graft 
failures (five cases) or compromised distal collateral anat- 
omy (three cases). Completion arteriograms had been satis- 
factory in all cases, and no technical defects were discovered 
at the time of reexploration. Thrombectomy and restoration 
of adequate systemic anticoagulation resulted in a patent 
graft at the time of discharge in all ten patients. 

Karly graft occlusion was attributed to inadequate distal 
runoff in seven cases (one femoropopliteal, six infragenicu- 
late). Intraoperative arteriograms disclosed a satisfactory 
distal anastomosis but severe compromise of distal runoff 
with discontinuity of the pedal arch in each case. Reexplora- 
tion disclosed no technical defects, and the dosage of 
systemic anticoagulant was within the therapeutic range. 
No disorder of whole blood or platelet coagulation dynamics 
was subsequently identified, and there were no apparent 
sources of emboli. All seven grafts thrombosed soon after 
reoperation, and all patients eventually required major 
amputation. 

In the remaining 30 cases, no specific cause for early graft 
failure was identified at the time of reexploration or during 
subsequent diagnostic evaluation. This group included 19 
PTFE grafts, seven vein grafts, and four composite-se- 
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Technical Defects Causing Early Graft Failure* 


Patient 


No. Anastomosis Graft Findings 


ASV 


6 Posterior tibial ASVt Midgraft valve 


9 Posterior tibial ASV 


*ASV indicates autogenous saphenous vein; PTFE, polytetrafluoro- 
ethylene. 
tNonreversed (orthograde) vein. 





Errant tunneling 





Fig 1.—Large intimal flap (arrow) just distal to distal anastomosis of 
femoropopliteal saphenous vein graft. Operative revision required 
local patch angioplasty. 


quential grafts. Bypass was to the popliteal artery in three 
cases, to infrageniculate vessels in 23 cases, and to a 
combination of the popliteal artery and a distal vessel in the 
four sequential grafts. In this group, the graft and distal 
artery were found to be patent at reexploration in a single 
patient. Reexploration confirmed graft thrombosis in the 
remaining 29 cases but failed to identify definitively a cause 
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Fig 2.—Computed tomographic scan of infrarenal aorta with con- 
trast infusion demonstrates luminal thrombus (arrow) within small 
aortic aneurysm. Distal embolization from this aortic source caused 
failure of femoral-anterior tibial graft. Further attempts at distal 
revascularization were deferred until aneurysm repair was com- 
pleted. 


for graft failure, technical or otherwise. All patients were 
subsequently given anticoagulant treatment, and 25 grafts 
remained patent at the time of discharge. Rethrombosis 
occurred in the other five grafts, and it was believed that 
further surgical intervention would be unlikely to provide 
successful revascularization. 


Group Il (30 Patients) 


A review of 849 femorodistal bypasses disclosed 617 cases 
in which details of the intraoperative arteriogram were 
complete. An unsatisfactory arteriogram was noted in 30 
cases (4.9%), and exploration of the detected abnormality 
was undertaken. Findings were considered positive if they 
necessitated a modification in the surgical procedure and 
negative if no identifiable abnormality was discovered. The 
results of this review are summarized in the tabulation 
below: 


No. of 
Findings Patients 

Positive (N = 16) 

Stricture/flap 2 

Thrombus 7 

Discontinuous vessel 2 

Midgraft valve 4 

Atheromatous debris 1 
Negative (N = 14) 

Filling defect 3 

Spasm 9 

Inadequate contrast 2 


Significant anatomic abnormalities were identified by an 
unsatisfactory intraoperative arteriogram in 16 of 30 cases. 
An anastomotic stricture or intimal flap was seen in two 
cases. Local thrombus was removed from the distal anasto- 
mosis in seven cases, and in one other case atheromatous 
debris was extracted. Midgraft abnormalities related to 
incomplete valve lysis were noted in four nonreversed 
(orthograde) saphenous vein grafts. In the remaining two 
cases, the originally selected outflow vessel was found to be 
discontinuous with the pedal collateral circulation, but 
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another infrageniculate vessel of better anatomic quality 
was identified (Fig 3). In these latter cases, the distal 
anastomosis was relocated. 

Despite operative revision, thrombosis occurred subse- 
quently in four grafts. One case in which thrombus had been 
removed initially was later found to be a coagulation prob- 
lem after graft occlusion on day 7. Graft failure in the 
remaining three cases was due to identifiable technical 
defects, including two midgraft problems and one intimal 
flap. This represented three of the nine technical graft 
failures in this series. 

Exploration did not explain the unsatisfactory findings 
on operative arteriography in the remaining 14 cases. 
Apparent spasm of the recipient artery distal to the anasto- 
mosis was the most common angiographic finding in this 
group and was seen in nine cases (Fig 4). An intraluminal 
filling defect was noted in three cases, but direct examina- 
tion failed to disclose a thrombus. In two cases, failure to 
visualize adequately the distal arterial anatomy was be- 
lieved to be due to reduced distal perfusion, but no technical 
defect was found. Graft thrombosis subsequently occurred 
in three of these 14 cases (days 1, 4, and 5), all of which had 
the angiographic appearance of spasm. No technical defect 
was found in these three patients at the time of reexplora- 
tion, and, after systemic anticoagulant treatment, all three 
grafts remained patent at the time of discharge. 


Intraoperative Arteriogram 


Intraoperative arteriograms were interpreted as satis- 
factory in 587 cases, but early failure occurred in 57 grafts. 
However, only six cases failed because of technical defects. 
Findings at reexploration were essentially negative in 14 of 
the 30 cases with unsatisfactory arteriograms, but three 
had early thrombosis that might arguably have been due to 
undetected problems. This resulted in a sensitivity of 76% 
and a specificity of 98% for intraoperative arteriography in 
the detection of technical defects in this series. 

Two patients in this series died of perioperative myocar- 
dial infarction, but neither had abnormal arteriograms or 
results of reexploration. No patient died after reexploration 
for graft failure, and there were no known cases of irrevers- 
ible contrast medium—induced renal failure. 


COMMENT 


Technical defects threaten the early patency of femoro- 
distal bypass grafts, and most technical problems are 
manifested within the first 72 hours after operation. The 
reported incidence of early graft failure due to technical 
defects has ranged from 18% to as high as 49%.*" Overall, 
early graft failure rates have not changed significantly and 
accounted for 7.3% of 849 cases reviewed in the present 
series. However, technical defects as the cause of failure 
(14.5% of early failures in this series) have become less 
frequent. 

Many previous reports have been concerned with femoro- 
popliteal bypasses alone, predominantly performed with 
reversed saphenous vein grafts. In the present series, 
bypass was to an infrageniculate vessel in 50 of the 62 cases 
of early graft failure, and a PTFE graft was used in over 
60% of these cases. The tendency to carry bypass grafts to 
more distal vessels that are essentially free of atheroscle- 
rotic disease may reduce the likelihood of raising intimal 
flaps in the distal vessel. When a prosthetic graft is used, 
the major source of technical error is the distal 
anastomosis, but when an autogenous vein graft is em- 


Bypass Technical Defects—Stept et al 601 





Fig 3.—Intraoperative arteriogram showed that initial recipient 
vesse! was not in continuity with pedal arch (arrows). Anastomosis 
was subsequently transferred to more appropriate vessel. 


ployed, the entire length of the graft harbors potential 
technical defects. As observed in the present series, techni- 
cal defects in eight of nine cases were found in vein grafts, 
and this may explain the slightly higher incidence of techni- 
cal defects observed in series in which the majority of cases 
were vein bypasses. It is likely that technical defects may be 
seen with higher frequency in in situ or nonreversed vein 
grafts requiring intraluminal valve lysis.” Three of the 
eight technical defects in autogenous vein grafts in the 
present series were midgraft valve lysis defects in non- 
reversed grafts. 

In addition to technical problems, the current analysis 
shows that embolization (six patients), distal outflow (seven 
patients), and disorders of coagulation (ten patients) are of 
equal significance in early graft failure. Embolization as a 
cause of femorodistal bypass graft failure was first reported 
by Lord et al” in 1973. Subsequently, Craver et al’ and 
Whittemore et al reported respective incidences of 2% and 
4%. In the present series, embolic occlusion of a femorodis- 
tal bypass graft was observed in six cases (9.7% of early 
failures), and an additional case was discovered on reex- 
ploration after an intraoperative arteriogram detected an 
intraluminal abnormality. As previously reported,” em- 
bolic ocelusion can be a particularly frustrating entity to 
diagnose and treat. Diagnosis is aided by a high index of 
suspicion, especially when a severely atherosclerotic aor- 


602 Arch Surg—Vol 122, May 1987 


Fig 4.—Spasm was noted in recipient artery just distal to distal 
anastomosis (arrow), but exploration failed to disclose any technical 
defect. This was most common appearance on false-positive 
intraoperative arteriograms. 


toiliac artery is present. Judicious use of computed to- 
mographic scanning during the early postoperative period 
should help identify a proximal aortic source for distal 
embolization.” 

The status of outflow from the recipient vessel in femoro- 
distal bypass has been recognized to influence early, as well 
as late, patency of these grafts. Inadequate outflow was the 
cause of early graft failure in 32% of cases in the series 
described by Craver et al’ and in 23% of cases reported by 
Mulherin et al.” In the present series, seven (11%) of the 62 
early failures were due to inadequate outflow as defined by 
graft failure in the absence of technical error, on therapeu- 
tic anticoagulation without demonstrable coagulation de- 
fects, and with significant distal anatomic discontinuity. 
O’Mara et al™ noted early failure in 14 of 16 infrageniculate 
bypass grafts when neither a primary nor a secondary pedal 
arch was patent. It has been our policy to employ anti- 
coagulation therapy routinely in patients who required a 
PTFE graft when nonpatent pedal arches were noted on 
completion arteriograms. The reintroduction of the in situ 
vein graft may change our notions of the pedal circulation’s 
influence on the result of surgery. Several investigators” 
have reported good patency rates in bypasses to tibial 
vessels with limited outflow using the in situ technique. 

It is important to note that, in the current analysis, the 
cause of graft thrombosis was not specifically determined in 
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30 patients (48%) with early failure. Over 60% of these 
patients had prosthetic grafts, and 17 of the 19 PTFE grafts 
were to infrageniculate vessels. Thrombectomy and anti- 
coagulant therapy salvaged 25 (83%) of the 30 grafts overall, 
and 12 of the 17 infrageniculate PTFE grafts. 

In past reports, thrombus found within the graft was 
often classified as a technical error. Whittemore et alë men- 
tioned coagulopathy as an anecdotal cause of graft failure. 
It has been recognized that there are both generalized and 
specific coagulation disorders that threaten graft patency. 
McDaniel et al” observed a significant increase in platelet 
reactivity after femorotibial bypass, accompanied by a 
significant decrease in serum antithrombin III activity. 

Congenital or acquired antithrombin III deficiency may 
be found in patients undergoing vascular surgical proce- 
dures and may contribute to early graft failure.™” In the 
present series, two patients were found to have acquired 
antithrombin III deficiency that responded to serologic 
management. Other hematologic disorders known to cause 
early graft failure, such as immune-mediated heparin- 
induced thrombocytopenia™ or the white clot syndrome,” 
were not observed in the current analysis. 

Several adjunctive intraoperative diagnostic procedures 
are now available to detect technical errors. These include 
intraoperative arteriography, B-mode scanning” or pulsed 
Doppler examination,” and electromagnetic flowmeter 
measurements.”” Of these techniques, the intraoperative 
arteriogram is the most useful. This led to the correction of 
technical defects that might have caused graft failure in 13 
(81%) of 16 cases. In the entire series, significant ar- 
teriographic abnormalities were noted in 30 (4.9%) of 617 
cases. Intraoperative arteriography was very specific 
(98%) and moderately sensitive (76%) for the detection of 
technical defects. Only six (1%) cases of the 617 reviewed 
demonstrated technical failure of a distal bypass graft when 
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the intraoperative arteriogram was normal, and only 14 
(2.2%) patients were subjected to a seemingly unnecessary 
graft exploration as a result of the arteriographic findings. 
There is no doubt that routine use of intraoperative ar- 
teriography helps detect technical errors, thus reducing 
the incidence of early thrombosis.’* Although some authors 
have recently suggested the selective use of intraoperative 
arteriography based on Doppler findings, we believe that 
the intraoperative arteriogram not only assesses the integ- 
rity of the distal anastomosis but also provides information 
on foot vessel anatomy that may aid subsequent manage- 
ment. 

The risks of reoperation in these patients must be 
weighed against the likelihood of reestablishing graft pat- 
ency. Sproul et al® reported a 32% mortality for patients 
requiring reoperation, but more recent reports have noted 
perioperative mortalities of 2% to 12%"* following reopera- 
tive distal bypass. In our” most recent review of repetitive 
distal bypass procedures, we noted an operative mortality 
of 1.0%, and there were no deaths after reoperation in the 
present series. 

Technical defects remain a cause of early graft failure 
after femorodistal bypass grafting. Increasing experience 
with this type of arterial reconstruction has led to a 
significant reduction in these events. In fact, technical 
failure occurred in only 1.0% of all cases reviewed. More 
than 85% of early graft failures in this series were non- 
technical in origin. Surgeons must be aware of additional 
factors that may contribute to early graft occlusion, includ- 
ing emboli and disorders of host coagulation. The introduc- 
tion and evolution of significant changes in surgical tech- 
nique, such as the in situ and nonreversed saphenous vein 
bypass, and more complex reconstructions, such as com- 
posite-sequential bypass, may present additional sources of 
technical defects that must be anticipated and controlled. 
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Discussion 


JOHN L. GLovEeR, MD, Royal Oak, Mich: Was there significant 
difference in the failure rate between vein grafts and synthetic 
grafts? 

One can argue that the data make a weak case for the use of 
intraoperative arteriography at the conclusion of a femorodistal 
bypass. After all, of 849 cases, these authors found only 3.0% or 
3.5% of grafts with abnormalities that would have led to throm- 
bosis if not corrected, and five of those 30 grafts clotted anyway. 

I prefer to look at the data in another way, however, in that they 

may make a good case for intraoperative arteriography. 
_ Ifthe arteriogram showed a defect, as was true in group II, or if 
thrombosis occurred very early despite what was considered to be 
a normal arteriogram, as in group I, the authors were able to 
achieve a patent graft at the time of discharge in 74 (80%) of 92 
eases, which is an excellent result. My question related to this 
finding is as follows: What is the long-term patency of those grafts? 
Do they stay open for a good period of time? 

Probably the most important message of this report, however, 
which is also related to arteriography (perhaps indirectly), is that 
we should institute anticoagulation therapy if exploration does not 
show cause for an unsatisfactory arteriogram or if we find no 
explanation for early thrombosis despite a normal arteriogram. By 
my calculation, that was 30 cases in group I and 14 in group II, and 
these grafts were kept open with anticoagulant agents at least 
until the time of discharge in 36 of these patients. I think that is a 
very important finding. Do the authors know how many of these 
were synthetic grafts, and was there a tendency for the thrombosis 
to recur in the first few months after discharge? 

Finally, the authors referred to abnormalities of coagulation in 
patients in whom no anatomic abnormalities were demonstrated, 
but they were able to define the abnormalities in only two cases. 
Was the fact that synthetic graft surfaces are thrombogenic a 
factor in these situations, and, if so, do the authors think that a 
graft lined or seeded with endothelium might be useful in those 
situations? 

ARTHUR I. AueR, MD, St Louis: We have been using an 
intraluminal coronary occluder on small distal arteries that we 
encounter, and I was wondering what the Northwestern group 
uses. Small bulldogs or vessel loops may possibly create some 
arteriogram abnormalities. 

In addition, we have been listening along the entire length of the 
vein graft with a 9.6-MHz Doppler probe, in addition to the 
operative arteriogram. We have identified not only arteriovenous 
fistulas but also intact valves. It is hoped that in the future we will 
have a duplex imager. 

In our series of 279 distal bypasses, we have encountered ten 
early occlusions, which is approximately a 4% rate, and none of 
these patients died with reoperation. I think it is important to note 
that there is no increase in operative mortality with reoperation. 

In group I, which included 62 patients with normal arterio- 
grams, were any of these arteriograms abnormal when reviewed 
retrospectively? When the authors found technical problems when 
they reoperated on those nine patients, could they review those 
arteriograms, and did they show anything at that time? 

Several intraoperative tests were performed on the grafts, 
including arteriograms, flowmeter studies, and B-mode scanning 
and pulsed Doppler. Do the authors have any suggestions as to 
which of the tests are the most valuable? 
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What type of systemic anticoagulant is used postoperatively, 
heparin or warfarin sodium, and for how long? 

What mechanical techniques are used to treat small-vessel 
occlusions during anastomoses? 

Dr Furnn: I think that the comments of both Dr Auer and Dr 
Glover have stressed the ever-growing concern of surgeons who 
perform infrainguinal bypass about the role of the host coagulation 
system and its relationship to the short-term and long-term 
patency of these grafts. The present study directed its attention 
strictly to maintenance of graft patency during the primary 
hospitalization period. We are currently looking at all grafts that 
have been treated systematically with anticoagulant agents to 
observe the impact of routine anticoagulation therapy, especially 
on the infrageniculate prosthetic grafts. Our own studies, as well 
as those of others, indicate that we have a durable group of 
patients; however, we do not have very durable reconstructions. 
The least durable reconstructions seem to be prosthetic bypasses 
to small vessels. 

It is my opinion that some form of modification of the host 
coagulation system will be necessary in these procedures to 
maintain patency. This has been delineated most recently and 
clearly by Dr Rutherford’s combined study of the use of low—molec- 
ular weight dextran. Dextran or heparin will clearly improve early 
patency. However, the effect on the long-term patency of prosthetic 
distal bypasses remains to be demonstrated. 

Regarding the question of vein grafts vs prosthetic grafts, 
technical problems occur more often in vein grafts. In fact, eight of 
the technical problems in this series were in vein grafts and only 
one was in a prosthetic graft. In prosthetic grafts, usually the only 
source of technical problems is the distal anastomosis. With the 
routine use of techniques of arterial occlusion that avoid local 
injury to the recipient artery and routine use of loupe magnifica- 
tion, this study would suggest that distal anastomotic problems 
have been largely eliminated. In vein grafts, the entire conduit 
remains a possible source of technical problems, especially when 
instruments are introduced into the lumen for the purpose of valve 
incision. Almost every series addressing the question has demon- 
strated a slightly higher incidence of technical problems with vein 
grafts. 

I would strongly support Dr Glover's sentiments about the use of 
intraoperative arteriography. This did not measurably extend the 
length of the operative procedure and did not, in this series, cause 
any appreciable morbidity. Recognition and repair of defects seen 
on angiography clearly improved the early patency of these grafts 
and reduced by more than 50% the rate of technical graft failure. As 
important, perhaps, has been our use of the intraoperative ar- 
teriogram for subsequent surgical decisions, including the appro- 
priateness of reoperation in those patients who have a totally 
discontinuous distal arterial circulation. As with any prospective 
study, a number of the techniques, including the use of systemic 
anticoagulation, have evolved over the eight-year course of the 
study. Currently, we will also use angiographic information about 
the distal circulation as well as the type of graft used to make 
decisions about subsequent short-term and/or long-term systemic 
anticoagulation therapy. Postoperatively, we use continuous 
heparin therapy and then convert to warfarin sodium before 
discharge. 


Bypass Technical Defects—Stept et al 


| a OM lt ol re’ Te | a ci ge el rT)? = ~~ TTF 
m Te m < FA ve 


Diagnostic Pericardial Window 


A Safe Alternative to Exploratory Thoracotomy 


for Suspected Heart Injuries 


Frank B. Miller, MD; Sheldon J. Bond, MD; Charles R. Shumate, MD; 
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e During a five-year period, 104 patients underwent a 
pericardial window procedure to diagnose possible cardiac 
injury. Eighty-eight procedures were performed by a sub- 

iw xiphoid approach, and 16 were transdiaphragmatic in combi- 
nation with an exploratory laparotomy. There were 51 patients 
with stab wounds, 45 with gunshot wounds, and eight with 
blunt trauma. All penetrating wounds were near the heart. In 
seven patients the window disclosed cardiac damage with no 
clinical signs of tamponade or shock. Fifty-one patients had 
signs of tamponade; however, only 12 of them had a cardiac 
injury diagnosed by pericardial window. Nineteen patients had 
cardiac injuries. One examination had false-negative results 
and one study had false-positive results. Cardiac wounds 
repaired included the right ventricle (eight), left ventricle 
(three), right atrium (five), and cardiac vein or pericardial 
wounds (three). Complications were negligible and consisted 
of minor wound infections (two) and postpericardiotomy syn- 
dromes (two). The pericardial window provides a rapid and 
safe means of diagnosing cardiac injuries in patients with 
a equivocal signs of heart injury while sparing the patient 


without a heart wound a major operation. 
(Arch Surg 1987;122:605-609) 


hile most patients with cardiac wounds present in 

profound shock with severe tamponade or few signs of 

life, there are a number of patients who arrive at a hospital 
with partially compensated tamponade; their conditions 
may be more stable than those in the aforementioned group. 
These cardiac injuries require rapid diagnosis and treat- 
ment to prevent sudden deterioration. However, the accu- 
rate diagnosis of these injuries is not always obvious. 
Diagnostic dilemmas may occur in one of several clinical 
situations. Patients may have sternal entrance wounds 
y following penetrating injury but may not be in shock or 
demonstrate classic signs of cardiac tamponade. Further- 
more, some patients with all of the clinical signs of cardiac 
tamponade subsequently have no confirmed cardiac injury 

at exploration. This is due in part to the difficulty in 
interpreting the signs of cardiac tamponade in the constella- 

tion of events that often surround such patients in the 


emergency department. 
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to measure rapidly; such measurement is not without 
hazard and may result in unnecessary treatment delay. 
Straining or shivering, which frequently occur in emer- 
gency room situations, may falsely elevate venous pressure. 
Muffled heart tones are very difticult to elucidate in a rapid 
physical examination that is often performed in a noisy 
environment. Hypotension is usually a reliable sign of 
significant injury, but it may be produced by trauma to 
organs other than the heart. 

Pericardiocentesis has been used as a diagnostic tool for 
evaluating heart injury for many years. While pericardio- 
centesis is occasionally lifesaving in providing immediate 
relief of cardiac tamponade before definitive operation, the 
procedure does not reliably rule out cardiac injuries if the 
result is negative, and it has the potential complication of 
cardiac laceration. In an attempt to overcome some of these 
diagnostic problems and to relieve tamponade effectively to 
allow for the induction of safe general anesthesia, we have 
used a subxiphoid pericardial window in a large number of 
patients who have suspected cardiac wounds. This report 
outlines our experience with this approach. 


PATIENTS AND METHODS 
Patients 


During the five-year period from Jan 1, 1981, through Dec 31, 
1985, 104 subxiphoid pericardial explorations or transdiaphrag- 
matic pericardial window operations were performed at University 
Hospital in Louisvillle to evaluate suspected cardiac wounds. 
There were 87 male and 17 female patients, with an age range of 16 
to 77 years and an average age of 30.5 years. There were 96 patients 
who sustained penetrating injuries near the heart. Stab wounds 
accounted for 51 injuries, while gunshot and shotgun injuries were 
encountered in 42 and three patients, respectively (Table 1). 
Eighty-eight of the window operations were performed with a 
subxiphoid approach, while a transdiaphragmatic procedure con- 
ducted as a part of an exploratory celiotomy was used in 16 patients 
(Table 2). During this same five-year period, 26 patients had a 
documented cardiac wound that required operative repair without 
first undergoing a diagnostic pericardial window. 


Clinical Signs and Experience 


Reasons for pericardial exploration are outlined in Table 3. 
Injuries proximal to the heart without shock or signs of tamponade 
occurred in 32 patients. Seventy-two patients had either hypoten- 
sion or some sign of tamponade along with a wound in proximity to 
the heart or a blunt chest injury as an indication. 

All of the transdiaphragmatic pericardiotomies were done with 
the patients under general anesthesia. Thirty-nine of the sub- 
xiphoid procedures were done using local anesthesia, and in 49 
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Table 1.—Mechanisms of Injury 


Operative Result 
Wound Type Positive — Total 


procedures light general anesthesia was used. The general anes- 
thesia consisted of endotracheal intubation with intravenous ad- 
ministration of diazepam, fentanyl, and a nondepolarizing muscle 
relaxant (vecuronium bromide or atracurium besylate). Local 
infiltration of 1% xylocaine was generally used to supplement the 
general anesthetic agents. Eight of the subxiphoid pericardiot- 
omies done using general anesthesia had positive results. None of 
these patients experienced any episode of hypotension during the 
induction of the general anesthesia. 

The operative approach (Fig 1), which we used for the subxiphoid 
exploration, consists of a vertical incision measuring about 6 to 
8 cm that overlays the distal end of the body of the sternum, the 
xiphoid process, and the upper abdominal fascia. The xiphoid 
process is retracted or resected and the base of the pericardium is 
exposed. This portion of the pericardium is thick and can be 
grasped with an Allis clamp on each side of the incision, or with a 
2-0 silk traction suture. An incision in the pericardium produces a 
few milliliters of clear fluid under normal circumstances. The 
incision can then be enlarged to view the base of the heart and to 
evaluate for blood clots. A direct visual inspection of the base of the 
heart can be obtained; however, the heart is generally not well 
visualized. While direct visual inspection of the heart is not 
possible, most injuries produce some bleeding, which is readily 
detectable. A nondisclosing window can easily be converted into an 
exploratory laparotomy if the clinical situation indicates this 
procedure. Ifthe window is positive, ie, if blood is in the pericardial 
space, then the incision can be converted rapidly to a median 
sternotomy. A left-sided thoracotomy can be used to repair the 
cardiac injury. The transdiaphragmatic pericardiotomy is per- 
formed as described by Garrison et al.’ This procedure is done in 
conjunction with an exploratory celiotomy when the major hemor- 
rhage is believed to be coming from the abdomen. 


RESULTS 


Nineteen cardiac wounds were detected among the 104 
patients who underwent a pericardial window procedure 
(18% positive) (Fig 2). All of these patients had the small 
incision that was used for the exploration converted to a 
median sternotomy for repair of the cardiac wound. There 
was one cardiac injury, which was not diagnosed by the 
pericardial exploration. A patient had a bullet lodged in his 
left ventricle myocardium from a gunshot wound to the 
back. There was no significant bleeding, which apparently 
accounted for the negative result. A late chest roent- 
genogram suggested that the bullet was close to the heart, 
and a two-dimensional echocardiogram subsequently con- 
firmed that the missile was embedded in the myocardial 
wall. There was one examination with false-positive results 
in which blood was present in the pericardial sac, but no 
injury to the heart was detected at operation. The propor- 
tion of examinations with positive results was equally 
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Table 2.—Results and Type of Pericardial Window Operation 


Operative Result 
— 


Signs of 
Tamponade 


7 
24 


Hypotensive 








Fig 1.—Incision over upper abdomen and lower sternum will expose 
xiphoid process, which is then divided. Diaphragmatic attachment 
(broken line) is incised until pericardium is entered. Lateral traction 
sutures or use of Allis clamp to grasp pericardium will facilitate entry. 


distributed among procedures done by the subxiphoid or 
transdiaphragmatic approach. 

Cardiac wounds encountered included eight to the right 
ventricle and five to the right atrium. There were three left 
ventricular wounds. Two patients sustained pericardial 
injuries, and one patient had an anterior cardiac vein 
laceration. Fifty-one patients suffered stab wounds, with 
nine (17.6%) positive windows, while nine windows (21%) of 
the 42 gunshot wounds were positive (21%). Three shotgun 
injuries occurred, with one that resulted in cardiac injury. 
None of the eight blunt chest injuries had positive results of 
pericardial exploration. Fifteen patients with positive re- 
sults from a pericardial window procedure had at least one 
or more clinical signs of tamponade (hypotension, jugular 
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Fig 2.—Location of entrance wounds with positive results of pericardial window operations. Left, Location of all entrance 
wounds. Right, Location of all entrance wounds with positive pericardial operative results. Numbers indicate number of 
patients with entrance wound at that location. 


venous distention, tachycardia, or muffled heart sounds). 
Four patients in whom cardiac injuries were diagnosed had 
no symptoms. Therefore, seven (37%) of 19 patients with 
cardiac injuries had no hypotension or jugular venous 
distention, yet did have positive results of a window opera- 
tion. Fifty-seven of the patients with a negative pericar- 
diotomy, ie, no blood in the pericardial space, had one or 
more clinical signs of tamponade, while 28 patients had no 
signs of tamponade with the window procedure performed 
only because of the proximity of injury. A preliminary 
pericardiocentesis was done in five patients before the 
window operation. In four of the five patients, results of 
both studies were negative; however, one patient with 
tamponade had negative results of pericardiocentesis but 
positive results of the window operation. Few complications 
of the procedure occurred. Two patients developed superfi- 
cial wound infections that were treated only by opening of 
the incision and subsequent dressing changes. Two patients 
developed symptoms compatible with postpericardiotomy 
syndrome, and they were successfully treated with non- 
steroidal anti-inflammatory agents. No pericardial infec- 
tions or iatrogenic cardiac injuries occurred. Five patients 
died; four of these deaths were related to head injuries in 
patients with negative results of a pericardial window 
procedure. One patient had multiple gunshot wounds with 
injury to the right atrium, the liver, and the retrohepatic 
vena cava; this patient died of hemorrhage, primarily from 
the caval injury. 
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COMMENT 

The early 20th century was marked by rapid improve- 
ment in the ability to repair cardiac wounds, and numerous 
studies documenting successfully treated cases began to 
appear.”** Shortly after World War II, there were several 
reports suggesting that pericardiocentesis was the initial 
treatment of choice for hemopericardium and that open 
operative repair should be resorted to only if the bleeding 
continued or tamponade was not relieved.** For the next 20 
years, controversy existed on the exact use of pericardio- 
centesis, both as a diagnostic maneuver and as a therapeu- 
tic option. In the ten to 15 years preceding the publication of 
the present study, rapid diagnosis with early operative 
relief of the tamponade, control of the hemorrhage, and 
repair of the cardiac wound have become the established 
principles of the treatment of patients with cardiac inju- 
ries.** The exact requirements for an emergency room 
thoracotomy are also better defined today, especially when 
it should be performed and who should perform it." 

Most physicians would agree that the patient presenting 
to the emergency room with a penetrating injury in proxim- 
ity to the heart and no vital signs should undergo an 
emergent thoracotomy to have any chance for survival. 
The mortality of these patients depends on the mechanism 
of injury (penetrating vs blunt) and the time from loss of 
vital signs to resuscitative thoracotomy. Diagnostic tests or 
procedures have little, if any, value in these patients. The 
decision to perform a thoracotomy must be made rapidly, 
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and if a thoracotomy is chosen, then it must be performed 
immediately. A subxiphoid pericardial window has no role 
in the care of these patients. 

The more common presentation, albeit not as dramatic, is 
that of a patient with a penetrating chest wound who is 
initially hypotensive and whose hemodynamic condition 
stabilizes after the restoration of blood volume. The major- 
ity of these patients can be managed without a major thora- 
cotomy or sternotomy; however, certain organ injuries need 
to be rapidly excluded. This is especially true of cardiac 
wounds, as the sudden onset of acute tamponade or hemor- 
rhage with rapid death may be the first indication that it is 
the heart that has been wounded, rather than just the lung 
and chest wall. 

If hemodynamic stability is quickly achieved by volume 
replacement, a more systematic workup is completed. A 
detailed history is obtained and a physical examination is 
done. A chest roentgenogram and an electrocardiogram are 
obtained, and chest tubes are placed as required. The 
patient is then brought to the operating room, where a 
subxiphoid pericardial window procedure, as described by 
Arom et al,” is performed with the patient under local or 
light general anesthesia. Induction of anesthesia and intu- 
bation can be hazardous in patients with cardiac tamponade 
because of mechanical and neurogenic cardiac depression. 
However, performing a subxiphoid pericardial window op- 
eration on an awake patient who is under local anesthesia 
can be difficult. We have recently used endotracheal intuba- 
tion and light general anesthesia with diazepam and fen- 
tanyl and supplemental local infiltration of 1% xylocaine in 


most of our patients. A nondepolarizing agent is also added, 
if necessary, for muscle relaxation. If blood is found in the 
pericardium, the incision is extended into a median ster- 
notomy. We have not encountered a problem with uncon- 
trolled hemorrhage between the pericardiotomy and relief 
of tamponade and the extension of the incision for better 
control and repair of the injury. If there is no blood in the 
pericardial space, the possibility of cardiac injury is ex- 
tremely low. 

Abdominal injuries are frequently associated with pene- 
trating trauma to the lower chest. A transdiaphragmatic 
pericardiotomy in conjunction with laparotomy is usually 
performed in the stable patient who has an indication for 
abdominal laparotomy and only a wound in proximity to 
suggest cardiac injury. 

Blunt cardiac rupture usually results in immediate death. 
With rapid transportation to the hospital and vigorous 
resuscitation, more patients are arriving at the emergency 
room with a chance for salvage if blunt cardiac injury is 
diagnosed and treated early. Unfortunately, the large ma- 
jority of these patients have multiple injuries and the 
diagnosis of blunt cardiac rupture is not clinically appar- 
ent.” A diagnostic pericardiotomy done in the operating 
room can be valuable in establishing or eliminating this 
diagnosis. All eight of the pericardiotomies performed 
because of blunt trauma had negative results. This proce- 
dure helped eliminate a diagnosis of blunt cardiac rupture in 
these patients, all of whom were still in shock despite 
control of hemorrhage and what was thought to be adequate 
restoration of blood volume. 
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Discussion 


CHaRLEs E. Lucas, MD, Detroit: Dr Miller and coworkers have 
identified the fact that patients who present to the emergency 
facility with obvious heart wounds and Beck’s triad of signs need 
exploration. Over the years, my own views have been that when a 
patient has only muffled heart tones as one arm of the Beck’s triad, 
that patient should be taken to surgery for exploration. I must 
admit in retrospect that some of these patients have had negative 
results of exploration. 

I have never performed a pericardial window procedure using 
local anesthesia for a wound that is in proximity to the heart when 
the patient’s condition is stable and the patient shows none of the 
three arms of Beck’s triad. 

Based on these authors’ data, there must be some patients with 
cardiac injuries who are being overlooked. One must then ask what 
the natural history of a cardiac injury is in a patient whose 
condition is stable, who shows none of the three arms of the Beck’s 
triad, and who is not treated in the first 24-hour period. 
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I was impressed that these procedures are performed using local 
anesthesia in some patients who certainly must be under the 
influence of alcohol or some kind of illicit drug. This made me think 
of our own circumstance, and I wondered about the patient who is 
properly juiced up with alcohol, who has acquiesced during the trip 
from the cart to the table, but who becomes a bit resistant to the 
procedure about the time you get down to the xiphoid. I can 
imagine that patient requesting politely or not so politely that the 
doe quit doing that, then inquiring as to who is holding onto his 
arms, and then getting involved in some grammatical errors where 
the word “mother” becomes an adjective instead of a noun. I 
wonder if that ever happens in Louisville. I think it would happen 
in Detroit if I were to try this operation with the patient under local 
anesthesia. 

The authors also point out that they perform this operation in 
conjunction with laparotomy for intra-abdominal injuries. I think 
that is an excellent place for this procedure, although I would 


Diagnostic Pericardial Window—Miller et al 





prefer the subxiphoid approach rather than the transdiaphrag- 
matic approach when doing this procedure at the time of laparot- 
omy. 

The authors also indicate that if, at the time of laparotomy, they 
have positive results of a window study, they tend to extend the 
midline abdominal incision up as a median sternotomy. I recom- 
mend that, in the stable patient, they make a separate left anterior 
chest incision that allows excellent access to the vast majority of 
these cardiac wounds and avoids some of the long-term problems 
related to the median sternotomy. In Detroit, we see some long- 
term problems in patients with median sternotomies. 

RoBERT F. Witson, MD, Detroit: I have had mixed feelings 
about this approach and wonder if the midline subxiphoid incision 
is really that much better than an anterolateral thoracotomy as far 
as mortality and morbidity are concerned; I also worry that we 
could get into a lot of trouble rapidly if there was a heart wound. 

We have debated for some time about the merit of a median 
sternotomy for a cardiac injury as opposed to an anterolateral 
thoracotomy. For chest surgeons who are used to doing median 
sternotomies, it provides rapid, quick exposure to the entire 
mediastinum. For many general surgeons who are not doing this 
procedure all the time and are not sure the equipment is going to be 
ready, you may have a problem. 

Most of the time, when you open the pericardium and release a 
tamponade, massive bleeding does not occur right away. However, 
it can occasionally occur, and if it does, the patient can exsangui- 
nate in the time that it might take to do a median sternotomy. I still 
have some concern in that area. 

Occasionally, you perform a negative thoracotomy for a sus- 
pected heart wound. However, ifthe patient has a wound anywhere 
near the heart and has been in shock, there are usually other things 
that need to be done in the chest that make the thoracotomy 
worthwhile. In the individual who stays in shock after blunt 
trauma with no apparent bleeding in the abdomen or elsewhere, 
you have to worry about tamponade, and pericardiocentesis may 
provide many false-positive and false-negative indications. This 
subxiphoid incision may have a place in such circumstances. 

One particular reason that I would like to comment on shock in 
blunt trauma is that a lot of you drive around in small foreign cars. I 
would like to caution you very strongly against doing that. Driving 
small foreign cars is dangerous to your health and it does not help 
the American economy. I would like to urge you all to “buy big, buy 
American, and buy often.” 

Davip G. ASHBAUGH, MD, Boise, Idaho: In the stable patient 
with proximity wounds, why not use echocardiography to deter- 
mine if there is a pericardial effusion? 





Dr RicHaARDSsOoNn: In answer to the last question, it is merely a 
matter of practicality since, in the middle of the night when most of 
these patients are seen, we cannot obtain echocardiography that is 
really of much help. We have used this technique on occasion in 
patients in the daytime, but find that that is generally not very 
useful in an emergent nocturnal patient. 

Dr Lucas, I am absolutely positive that a number of these cardiac 
wounds probably do not need to be treated with direct suturing at 
all. I have treated a number of heart wounds over the years in which 
there was some clot on the subxiphoid window that prompted 
operation. There was a definite hole in the heart, but the bleeding 
had stopped. I am certain that many of those patients would have 
gone on to resolution without operation, while in some patients the 
hole would have become problematic. Work by Blalock on pericar- 
diocentesis would indicate that that is, in fact, the case. Inatrauma 
center, however, the death of even an occasional patient from 
decompensated tamponade is unforgivable, so we suture all 
wounds when they are detected. 

Anesthesia is a major problem, and it is the major hurdle in 
performing a subxiphoid window operation. We have used local 
anesthetic, and it is tough on the patient and the surgeon. Even 
with a cooperative patient who is trying to help (and there are not 
many of those), this can be a difficult problem. That is why now 
generally we are going to the so-called light general anesthetic. 
Ketamine also can be a useful anesthetic in this particular circum- 
stance. 

We have no quarrel with a left-sided thoracotomy for approach- 
ing a cardiac wound. We try to teach our residents to become facile 
at performing a median sternotomy when they spend several 
months on the cardiac service. We always have a sternal saw 
available now in our trauma operating room because we feel there 
are some other operative approaches, such as to the innominate 
artery, where a median sternotomy is required. I think that 
generally we use a sternotomy more than a thoracotomy for cardiac 
wounds, but there is nothing wrong with a thoracotomy, as has 
been demonstrated through the years. 

We did not see massive bleeding from a subxiphoid window in our 
initial large series from San Antonio nor in the present series. 

I would like to see a study of the rate of negative results in a 
series of procedures in which routine thoracotomy was performed 
for suspected injuries. I would like to know the outcome for those 
patients, because I am convinced that a nondisclosing thoracotomy 
is not like a nondisclosing subxiphoid window, in which you really 
can send the patient home the next day, presuming that that is his 
only injury. 


In Other AMA Journals 


ARCHIVES OF NEUROLOGY 


Can Embolic Stroke Be Diagnosed on the Basis of Neurologic Clinical Criteria? 
Manuel Ramirez-Lassepas, MD; Robert J. Cipolle, PharmD; Randall J. Bjork, MD; Jeffrey Kowitz, MD; 
Bruce D. Snyder, MD; Jan C. Weber, MD; Steven D. Stein, MD 


Diagnosis of embolic stroke is based on identification of a source of embolus (SOE) and on neurologic 


symptoms acknowledged as “clinical criteria.” To test the validity of these criteria, we analyzed the symptoms 
at onset in 193 patients hospitalized after acute cerebral infarction. Patients were grouped according to 
identification of a cardiac SOE (106 patients), an arterial SOE (38 patients), or no SOE (49 patients). Cross- 
tabulations demonstrated that only rapidity and loss of consciousness at onset were associated with the 
presence of a cardiac SOE to a significant degree. Although these symptoms were highly specific for cardiac 
SOE, they were not sensitive. A distinct clinical neurologic profile from the symptoms and mode of onset was 
not identified (Arch Neurol 1987;44:87-89). 
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Jejunoileal Bypass 


A Legacy of Late Complications 


John R. Kirkpatrick, MD 


e Since 1977, we have managed 56 patients (36 Payne and 20 
Scott bypasses) with late (one to 18 years) complications 
resulting from a jejunoileal bypass. All patients underwent a 
one-stage conversion of the jejunoileal bypass to a gastric 
bypass. Patients were classified according to (1) postbypass 
weight, (2) the need for nutritional support, (3) the type and 
severity of complication, and (4) the time interval between 
jejunoileal bypass and the onset of the complication and 
correction of the complication. There were no operative 
deaths; one patient died 18 months after surgery of cirrhosis. 
The complication rate was 34%; however, most complications 
were minor. Our experience with this procedure has shown it to 
be highly effective in correcting complications other than 
polyarthritis. When coupled with nutritional support, it is safe 
even in malnourished patients. 

(Arch Surg 1987;122:610-614) 


here are overriding cosmetic, social, economic, and 

educational reasons to abhor obesity. These considera- 
tions aside, obesity is dangerous and life threatening in the 
extreme. It is in this area of medical necessity that the 
surgical approach to obesity has gained both acceptance 
and widespread usage. A special designation, “morbid 
obesity,” which was coined by Payne and De Wind’ in 1963, is 
reserved for patients who are at least 100% overweight. 
This designation defines and emphasizes the end point in 
obesity at which early death is axiomatic with weight gain, 
and surgical intervention is justified. 

In 1963, Payne et al,’ as part of an ongoing study of 
obesity, reported on the use of a jejunocolic shunt to control 
obesity in ten patients. Although weight loss was achieved, 
severe diarrhea and electrolyte abnormalities ensued. In 
1969, Payne and DeWind* advised against the jejunocolic 
shunt and proposed an end-to-side jejunoileostomy that 
preserved 37 cm (14 in) of jejunum and 10 cm (4 in) of ileum. 
Subsequently, Scott et al‘ modified this shunt by increasing 
the length of intestine and by fashioning an end-to-end 
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anastomosis between the jejunum and the ileum, with the 
excluded limb of intestine being decompressed into the 
colon (Fig 1). 

By 1976, there was disenchantment with the small-bowel 
bypass since a myriad of early and late complications had 
been reported. These complications included recurrence of 
weight gain, liver failure, cholelithiasis, renal oxalate 
stones, severe electrolyte imbalance, anemia, bone disease, 
and an unusual form of colitis.*’ At this same time, we also 
began to see a number of patients suffering serious late 
complications arising from intestinal bypass surgery. Sur- 
prisingly, many patients were resistant to undergoing 
reversal of their bypass for fear of regaining lost weight, 
even though they were often disabled from complications. 

Accordingly, we made the clinical assumption that most 
patients would resist bypass reversal unless protection of 
the previous weight loss was assured. It also was in- 
creasingly apparent that most bypass complications were 
refractory to medical management, other than for tem- 
porizing purposes. Finally, we became convinced that the 
onset and progression of the complication was so unpredict- 
able that procrastination or prolonged temporizing could 
set the stage for permanent damage or death. 


PATIENTS AND MATERIALS 


Early in our experience (1977), we developed the following 
protocol: (1) classification of patients according to their post 
jejunoileal bypass weight; (2) assessment of the need for nutri- 
tional support; (3) definition of the type and severity of complica- 
tion; and (4) measurement of the time interval between jejunoileal 
bypass, the onset of the complication, and the correction of the 
complication. All patients underwent a one-stage (see below) 
conversion of the jejunoileal bypass to a gastric bypass. All 
operations were performed by the same surgeon, and follow-up 
examinations were performed at least every three months for the 
duration of the study. 


Classification of Patients 
Patients were placed in one of three weight categories, depend- 


ent on their post—jejunoileal bypass weight. This grouping was 
considered important, since the individual metabolic needs and the 
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Fig 1.—Schematic drawings of Payne (left) and Scott (right) 
bypasses. 


motives of the patient in seeking reversal were in large part 
dictated by their weight loss relative to the initial jejunoileal 
bypass. Group weight ranges were as follows: group I, more than 
114 kg (250 lb); group II, 82 to 114 kg (180 to 250 lb), and group III, 
less than 82 kg (180 Ib). 


Nutritional Support 


All patients underwent routine screening to estimate the need 
for preoperative nutritional support, including a complete blood 
cell count, determination of serum electrolyte levels, and 17-factor 
automated chemical analysis. In addition, patients who were 
anemic or had measurable abnormalities in liver function or signs 
of hyperproteinemia underwent testing for trace element or vita- 
min deficiencies. The need for preoperative nutritional support 
was based on the presence of a serum albumin level less than 
2.7 g/dL (27 g/L), an absolute lymphocyte count less than 1000/mm? 
(1x 10°/L), or weight loss greater than 45 kg (100 lb) with signs of 
hepatic dysfunction (serum bilirubin level >2.0 mg/dL 
[>34.2 ymol/L]) and/or a prothrombin time greater than 14 s or 
abnormal liver enzyme levels. 


Complication Categories 


Those patients requiring preoperative nutritional support re- 
ceived a balanced formula of carbohydrate, protein, and fat in- 
travenously to provide 35 kcal (147 kJ)/kg/d, and 1.5 to 2 g/kg/d of 
protein, with supplemental electrolytes, trace elements, and vita- 
mins as indicated. Typically, in a 24-hour period, a 70-kg patient 
would receive 2000 mL of a 10% dextrose-4.25% amino acid 
solution, and 1000 mL of a 10% fat emulsion with appropriate 
electrolytes, vitamins, and trace elements. 

Preoperative nutritional support was provided for a minimum of 
five days or longer if needed to correct the specific metabolic deficit 
necessitating the nutritional support. All such patients passed 
through a period postoperatively in which the intravenous nutri- 
tional support was gradually converted to enteral feedings through 
a gastrostomy tube inserted into the bypassed stomach at the time 
of the conversion operation. 

In addition, other high-risk patients (group III) not requiring 
preoperative nutritional support had a gastrostomy tube inserted 
during surgery as a “safety valve” for adjuvant tube feedings in the 
postoperative period, should the need for nutritional support 
arise. All patients requiring postoperative tube feedings received a 
pureed formula typically providing 1200 to 1500 kcal (5040 to 


_ 6300 kJ)/d. Oral intake, which was encouraged, usually provided 


an additional 800 to 1000 kcal (3360 to 4200 kJ)/d. 
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Indication for Operation 


Each patient referred for conversion was questioned very care- 
fully to elicit the type of complication, the onset of the complication 
in relation to the jejunoileal bypass, and the time interval between 
the onset of the complication and the decision to have the bypass 
reversed. Despite the wide diversity and severity of complications, 
most could be included in one of four major categories. 

Mixed Metabolic Complication.—Twenty-two patients typ- 
ically had one or more intractable metabolic abnormalities, includ- 
ing hypokalemia (serum potassium, <3.0 mEq/L [<3.0 mmol/L]); 
hypocalcemia (serum calcium, <8 mEq/L [<4 mmol/L]); hypopro- 
teinemia (serum albumin, <3 g/dL [<30 g/L] and/or total pro- 
tein, <6 g/dL [<60 g/L]); and anemia (hemoglobin, <10 g/dL 
[<100 g/L]). Almost invariably, such a patient would have two or 
more of these defects in tandem and would have received supple- 
ments orally, without full correction of the defect. Intractability 
was judged to be present when multiple admissions to the hospital 
were required for administration of intravenous fluids or nutri- 
tional support. 

Intractable Side Effects.—In 21 patients, there was a symptom 
complex consisting of diarrhea (usually >12 stools per day) and 
abdominal distention, often severe enough to prevent work or 
interfere with normal daily activity. Flatulence was common and 
many of the patients had become reclusive because of the discom- 
fort and odor associated with their diarrhea and bloating. All 
patients in this category had received vigorous medical manage- 
ment with drugs (atropine sulfate-diphenoxylate hydrochloride 
[Lomotil], psyllium husk preparation [Metamucil], cholestyramine 
resin) and various diets. 

Impending Organ Failure.—Liver biopsy specimens from 
three patients showed evidence of early hepatic fibrosis, and four 
patients had a history of oxalate stones with an elevation in the 
serum creatinine level. Two of these four patients required dialysis 
at the time they were entered into the protocol. 

Polyarthritis.—The six patients in this category complained of 
debilitating joint pain without characteristic redness or swelling. 
Their complaints were similar to those patients who were seen with 
rheumatoid arthritis; however, there were no roentgenographic 
changes, the rheumatoid factor was negative, and the pain was 
migratory and characterized by sudden exacerbations and remis- 
sions. 


Operative Procedure 


All patients underwent a suitable preoperative evaluation, in- 
cluding a vigorous mechanical bowel preparation. The 36 patients 
in whom a previous Payne jejunoileal bypass had been performed 
received an intravenous cephalosporin such as cefazolin in the 
perioperative period, and in those patients who had undergone a 
Scott jejunoileal bypass, oral antibiotics, including neomycin and 
erythromycin base, were also administered as part of the bowel 
preparation. The abdomen was reentered through bilateral sub- 
costal incisions, and in all patients intestinal recontinuity was 
established before a gastric bypass was performed. The second 
step in the procedure was the creation of a small proximal gastric 
pouch (45 mL) using the gastrointestinal anastomosis stapling 
device. Continuity between the small gastric pouch and the 
remainder of the intestinal tract was accomplished by utilizing a 
retrocolic Roux-en-Y anastomosis that was hand sewn, calibrating 
the gastric stoma to 1 to 2 em (Fig 2). Patients in group II who 
received preoperative nutritional support (n = 7) and all patients in 
group III (n=18) had a Stam tube gastrostomy performed in the 
nonfunctional stomach. Postoperative care ranged from seven to 42 
days, depending on the specific complications arising in a specific 
case. Long-term follow-up examinations were provided at intervals 
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Fig 2.—Schematic drawing of completed operation depicting re- 
establishment of intestinal continuity and Roux-en-Y gastric by- 
pass. 


of at least every three months. In those patients requiring 
postoperative nutritional support, monthly visits were usually 
required. 


RESULTS 


From 1977 to 1985, 56 patients were evaluated one to 18 
years after jejunoileal bypass for the management of a 
specific postbypass complication. Thirty-six of the patients 
had undergone a Payne (jejunum, 35 cm [14 in]; ileum, 10.16 
cm [4 in]) end-to-side jejunoileal bypass, and 20 patients 
had undergone a Scott (jejunum, 25 cm [10 in]; ileum, 15 cm 
[6 in]) end-to-end jejunoileal bypass. The vast majority of 
patients (n= 53) were female, and they ranged in age from 
26 to 62 years (average, 44 years). The pattern of weight loss 
resulting from the original jejunoileal bypass and its subse- 
quent conversion to a gastric bypass (Table 1) suggests that 
those patients who had “failed” in terms of weight loss with 
the jejunoileal bypass (group I) had not only undergone a 
successful reversal of their medical complication but had 
experienced a final weight loss that was satisfactory. 

Eighteen patients required nutritional support. Of these, 
seven (group II) required preoperative nutritional support 
to correct varying metabolic complications, and eight 
(group III) required both preoperative and postoperative 
nutritional support. Three patients in group III required 
only postoperative nutritional support, and two patients in 
group III had a gastrostomy tube inserted but never 
required any type of nutritional support. 

The conversion procedure was safe (mortality, 1.8%); one 
patient (group III) died of cirrhosis 18 months after sur- 
gery. There was a relatively high complication rate (34%); 
however, many of these complications were minor, as shown 
in the following tabulation: 


No. of 

Complication Patients 
Excessive vomiting 6 
Atelectasis 4 
Wound infection 3 
Diarrhea 3 
Anastomotic leak 1 
Upper gastrointestinal bleeding 1 
Ventral hernia 1 
Total 19 (34%) 
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Table 2.—Interval Between 
Complication Onset and Correction* 


Onset After Correction, y 
Bypass, y After Onset 


| 1.4+0.6 2.7+0.8 
II 1.9+0.5 4.4+2.2 
Ill 2.3+0.9 8.6+1.2t 


av 


*Values are the mean + SD. 
tP<.05. 


Table 3.—Results of Complication Reversal 
Complication, No. (%) of Patients* 


Group A B c D 

13/16 (81) O (0) 0 (0) 
4/4 (100) 3/4 (75) 0/3 (0) 14/20 (70) 
1/1 (100) 2/3 (67) 1/3 (33) 10/13 (77) 
Total 17/22 (77) 18/21 (86) 5/7 (71) 1/6 (17t) 41/56 (73) 


*Complications are as follows: A, mixed metabolic complication; B, 
intractable side effects; C, impending organ failure; and D, polyarthritis. 
tP<.05. 


Total 
17/23 (74) 


| 4/7 (57) 
ll 7/9 (78) 
T 6/6 (100) 


The main complication, excessive vomiting, probably re- 
flected both the small gastric reservoir and the patient 
population (postbypass), since the incidence of vomiting 
(11%) was substantially higher than was seen among other 
patients undergoing gastric bypass. 

The time interval between the onset of the complication 
(Table 2) and its correction suggests that those patients 
(group I) with unsatisfactory weight loss were driven to 
seek correction of the complication much earlier than those 
patients (group III) whose weight loss was satisfactory. 
Typically, those patients in group III were highly resistant 
to discussing reversal of their jejunoileal bypass without 
strong assurances that their previously achieved weight 
loss would be maintained. 

The reversal rate for postbypass complications was 
similar (Table 3) for all groups, averaging 70% to 80%. 
However, one complication (polyarthritis) was refractory 
even to reversal of the jejunoileal bypass. In fact, the 
reversal rate (17%) was so low and the onset so unpredict- 
able that avoidance of this complication is probably feasible 
only by prophylactically reversing all jejunoileal bypasses. 
Of the six patients with this complication, only one had real 
relief of her symptoms following reversal of the bypass. 
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Three of the remaining five patients applied for permanent 
disability benefits. 

There were seven patients (18%) with impending organ 
failure (Table 3) at the time of evaluation. Three had signs of 
hepatic failure, characterized by rapid weight loss with an 
early onset (one to two years) in relation to the jejunoileal 
bypass. All patients had biopsy-proved evidence of peripor- 
tal fibrosis, and the diagnosis of micronodular cirrhosis was 
present in one patient. All of these patients were severely 
jaundiced (bilirubin, 3.5 to 10 mg/dL [60 to 170 wmol/L)); 
however, before surgery, partial correction of the cachexia 
and improvement in liver function was accomplished with 
nutritional support. One patient failed to respond com- 
pletely to nutritional support and died 18 months after 
reversal of the jejunoileal bypass. 

The remaining four patients had evidence of renal failure 
(creatinine, >2 mg/dL [>150 pmol/L]) that was charac- 
terized by a history of oxalate stones that usually occurred 
three to four years after the jejunoileal bypass. Two of these 
four patients required dialysis, and one of the four had been 
in a long-term dialysis program for seven years without 
recognition of the relationship of the jejunoileal bypass to 
the renal failure. This patient subsequently underwent 
renal transplantation after reversal of the jejunoileal by- 
pass and has done well. The other patient had significant 
improvement in renal function and no longer required 
dialysis. 

COMMENT 

The natural history and outcome of jejunoileal bypass for 
morbid obesity is short when compared with other opera- 
tions. During its 20-year existence, few, if any, operations 
have been as maligned and criticized (it does, however, have 
its proponents, even to this day). Despite work by respected 
investigators? to improve the safety, efficiency, and 
efficacy of jejunoileal bypass, its current status is perhaps 
best summarized by Griffen et al,” who suggested in 1983 
that “jejuno-ileal bypass is not an appropriate operation for 
morbidly obese patients and should be abandoned.” 

Despite the general acceptance of this dictum, it is 
estimated that from 1963 to 1978, more than 25000 je- 
junoileal bypasses were performed in the United States. 
This figure may be somewhat low, since one survey of only 16 
physicians disclosed that a total of 2260 such procedures had 
been performed in a seven-year period,” and a review of the 
literature from 1963 to 1977 revealed that there were 105 
reports from centers within the United States documenting 
that this procedure had been performed on 4816 patients.” 
It is sufficient to say that a large number of these proce- 
dures have been performed, and it is impossible to estimate 
how many patients still have their bypasses in place at 
present. 

The abandonment of jejunoileal bypass was hastened by 
the recognition that (1) the benefit-to-risk ratio of the 
procedure is weighted more heavily toward risk than bene- 
fit and (2) gastric manipulative procedures have a more 
favorable benefit-to-risk ratio. The exact extent of the risk 
associated with jejunoileal bypass is still evolving. How- 
ever, several large series have suggested that the true risk 
of a serious complication following jejunoileal bypass may 
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be as high as 80%.** This risk ranges from mildly debilitat- 
ing problems, such as diarrhea, to life-threatening prob- 
lems, disability, or death. Few protocols have evolved to 
determine prospectively whether the potential long-term 
risk from this operation is sufficient to necessitate prophy- 
lactic reversal. Our data would seem to suggest that such an 
approach is justified. 

This conclusion stems from several factors: (1) the onset 
and severity of the complication is unpredictable; (2) there is 
resistance on the part of the patient and reluctance on the 
part of some physicians to forfeit the “lost weight,” even in 
the face of deteriorating organ function; (3) some complica- 
tions are not completely reversible once they occur; (4) 
many patients no longer return for follow-up examinations, 
since they feel safe; and (5) since the natural history of the 
operation has been characterized by the appearance of 
unanticipated (often bizarre) complications, perhaps other 
potentially lethal complications are still undefined. 

Despite the logic of this argument, few surgeons or 
patients would accept prophylactic reversal as a viable 
option without assurance that a method was available to 
protect (or increase) weight loss, in addition to eliminating 
the complication. Our experience with the technique de- 
scribed herein suggests that a one-stage conversion to a 
gastric bypass (gastroplasty) with appropriate nutritional 
support meets these criteria. First described by Hitchcock 
et al”? in 1977, its efficacy has been documented by others.” 

As with all prophylactic recommendations, several ca- 
veats are in order. Patients must be in a satisfactory 
metabolic state; the surgeon must be experienced in the 
procedure; and long-term follow-up must be guaranteed. 
Finally, both the patient and surgeon must be prepared to 
accept staging of the procedure—reversal first, gastric 
manipulation later—when the patient’s physical condition 
(usually related to organ failure) precludes a one-stage 
conversion. 
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Discussion 


ROBERT J. FREEARK, MD, Maywood, Ill: This excellent article 
on an unhappy chapter in American surgery is a reminder that too 
often we do more harm than good in our surgical endeavors. I 
basically agree with all of the recommendations. First, convincing 
the patients of the need to have an intestinal bypass taken down has 
been a major problem. Many patients with impending complica- 
tions and serious side effects are still able to eat what they want, 
and they are unwilling to have the operation reversed. Fortunately, 
not all of these patients will get into trouble, but since this 
operation has not modified their eating habits, they will usually 
resist a proposal that they restrict their gastric intake. If these 
patients agree to the operation without undergoing a gastric 
procedure at the same time, 90% will regain their lost weight and 
return to a morbidly obese status. The recommendation that all of 
these patients undergo a gastric procedure is sound. 

We have not had the occasion to provide significant postoperative 
nourishment. I think that if these patients were depleted, I would 
be inclined to hook them back up, despite what I just said. If these 
patients are only moderately depleted, we would be more inclined 
to perform a gastroplasty, which has fewer suture lines than a 
bypass. One of the things that makes it a long operation is the 
removal of the adhesions that envelop the defunctionalized bowel. 
Is this necessary? I always worry that those adhesions that are not 
important causes of obstruction when the bowel is not functioning 
may become important when intestinal continuity is restored. I 
really believe that all of that intestine must be unwound, and that 
adds significantly to the operation. 

What are the authors’ criteria for nutritional support, and how do 
they determine when the patient has had adequate support? 

Davip G. ASHBAUGH, MD, Boise, Idaho: For years I have heard 
bypass surgeons tell me of the excess morbidity and mortality 
associated with obesity as a reason for performing bypass surgery, 
but we are now seeing the excess mortality and morbidity associ- 
ated with bypass surgery itself. Is there any evidence that any 
bypass procedure for obesity improves mortality and morbidity in 
obese patients? 

WALLACE L. CHAMBERS, MD, Salt Lake City: In the follow-up 
of the gastric bypass procedures, have these authors (or anyone) 


studied the distal stomach with the endoscope? Can these patients 
get ulcers? Can they get anything else that can be a cause of 
persistent pain? 

Dr KIRKPATRICK: In answer to Dr Chambers, we have not 
studied that area. 

Dr Ashbaugh, as to whether we should be operating on obese 
patients under the guise of saving their lives, let’s first talk about 
whether we should be operating on them at all. One of the few areas 
with an upward slope is bariatric surgery, so I do not think the 
debate is any longer whether we should do it. We are doing it. The 
real debate is how to make it safe. 

The other question is whether we save lives by performing 
obesity surgery. I think the answer is “yes,” but to reach a point 
where we can demonstrate this, the patient’s weight must ap- 
proach three times the optimum value. In patients whose weight is 
beneath that level, the data to support surgery become fewer and 
fewer. 

Bray’s original article, which described death from obesity, 
indicated that patients (in his group they averaged 365 kg [800 1b]) 
were dead three years from the time they reached that weight. 
Therefore, when we successfully operate on patients in this group, 
we can say that we save lives. 

The cosmetic/medical group of patients, with average weights 
around double the optimum value, is a different matter. We will not 
know the morbidity in this group for many years. The fate of 
bariatric surgery hinges on this outcome. I am unprepared to say 
unequivocally that we are saving lives in that group. 

Dr Freeark’s comments were kind. We, too, take down all the 
adhesions. They look so threatening that we have been uncomfort- 
able leaving them as a potential point of obstruction. 

In terms of nutritional support, it is mentioned in our report that 
there are perhaps eight or ten indications for when we would 
provide it preoperatively. Suffice to say, if we can demonstrate a 
metabolic defect, we will begin nutritional support to correct it. We 
always provide nutritional support a minimum of five days 
preoperatively. If the patient does not respond, we continue it. 

Postoperative nutritional support was provided with pureed 
formula through the tube gastrostomy. 


In Other AMA Journals 


ARCHIVES OF INTERNAL MEDICINE 


Consistency of Sequential Needle Biopsy Findings for Thyroid Nodules: Management 


Implications 
Joel I. Hamburger, MD 


Needle biopsy can reduce unnecessary surgery for thyroid nodules. However, needle biopsy diagnoses of 
“benign” may be erroneous. Thyroxine may produce regression in such nodules, but usually does not. Some 
authorities advise surgery for nonresponding nodules; others rely on repeat needle biopsy. In 246 patients, 
diagnoses by repeat needle biopsy confirmed 85% of the original diagnoses by needle biopsy. Initial benign 
diagnoses by needle biopsy were confirmed for 187 (91%) of 205 patients. Fourteen had surgery; all nodules 
were benign. Changes in diagnosis from benign to suspicious by needle biopsy were made for 12 patients; five 
had surgery, one had a Hiirthle cell carcinoma. Changes in diagnosis from benign to malignant by needle 
biopsy were made in six patients; five had surgery, all lesions were malignant. Reliance on repeat needle biopsy 
is preferable to routine surgery for nodules not responding to thyroxine (Arch Intern Med 1987;147:97-99). 
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Neonatal Diaphragmatic Hernia 


An Improving Outlook With Extracorporeal Membrane Oxygenation 


Thomas R. Weber, MD; Robert H. Connors, MD; D. Glenn Pennington, MD; 
Susan Westfall, MD; William Keenan, MD; Suresh Kotagal, MD; J. Eugene Lewis, MD 


e Ina15-year period, 89 newborns were treated for congeni- 
tal diaphragmatic hernia. The patients were divided into three 
groups, depending on postoperative therapeutic support 
available: group 1, ventilator therapy only; group 2, ventilator 
therapy plus pulmonary vasodilators (tolazoline hydrochlo- 
ride); and group 3, ventilators, tolazoline, and/or extracor- 
poreal membrane oxygenation (ECMO). The three groups were 
identical for presenting symptoms, signs, and preoperative 
blood gas determinations. The survival for each group was as 
follows: group 1, 17 (40%) of 42; group 2, 14 (45%) of 31; and 
group 3, 12 (75%) of 16. Complications requiring further opera- 
tions were identical. All survivors in groups 1 and 2 are normal 
developmentally, while one of five group 3 ECMO survivors has 
developmental delay and another has long-term ventilator 
dependence. These data suggest that ECMO, an invasive 
technique for newborn respiratory failure, improves survival in 
congenital diaphragmatic hernia. 

(Arch Surg 1987;122:615-618) 


[ieee posterolateral diaphragmatic hernia (CDH) 
through the foramen of Bochdalek is the most common 
cause of respiratory distress in the newborn. Despite 
advances in neonatology and increased availability of ter- 
tiary neonatal surgical and intensive care, the mortality 
rates in these critically ill newborns in many recent series 
remain 40% to 60%, without significant improvement dur- 
ing the past ten to 15 years.' The recent availability of 
extracorporeal membrane oxygenation (ECMO) for the 
treatment of newborns with respiratory failure unrespon- 
sive to conventional therapy holds promise for improvement 
in survival in infants with CDH. This study reviews the 
therapy of diaphragmatic hernia during a 15-year period, 
including the use of ECMO in the past two years for those 
infants unresponsive to all other therapy. 


PATIENTS, MATERIALS, AND METHODS 


From 1970 through 1985, 89 newborns with diaphragmatic hernia 
presented to Cardinal Glennon Children’s Hospital, St Louis 
University Medical Center, for therapy. This series included only 
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those infants who were symptomatic within the first 24 hours of 
life, and the majority (77 [86%] of 89) were symptomatic within 
three hours of birth. The infants were transported to the hospital 
via ground transportation until 1980, when helicopter transport 
became available. All infants were treated in a newborn intensive 
care unit by a team of pediatric surgeons and neonatologists. 

All infants were treated with prompt operative reduction of the 
hernia, through an abdominal approach. In several cases, 15 to 30 
minutes were utilized preoperatively to attempt to stabilize the 
patient's condition before repair. Primary diaphragm repair using 
interrupted nonabsorbable suture was achieved in 82 (92%) of 89 
newborns. In the other seven, a prosthesis (Silastic or poly- 
ethylene template [Marlex]) was used to close the defect. Complete 
reduction of viscera, placement of an ipsilateral (and occasional 
contralateral) chest tube, and closure of the incision completed the 
operative procedure. 

The patients can be divided into three distinct groups based on 
the postoperative therapy available at the time of presentation. 
The characteristics of therapy for these three periods are shown 
below: 


Modality 


1970-1978 
Infant ventilators 
Inotropic support (isoproterenol hydrochloride, 
epinephrine, dopamine hydrochloride) 
1979-1982 
Infant ventilator (high rates: 100 to 150 
breaths per minute) 
Inotropic support (isoproterenol [Isuprel], 
dopamine, epinephrine) 
Pulmonary vasodilators (tolazoline) 
Induced alkalosis (sodium bicarbonate) 
1983-1985 
Infant ventilator 
Inotropic support 
Pulmonary vasodilators 
Induced alkalosis 


As neonatology became more sophisticated and physiologic princi- 
ples regarding the newborn in general, and specifically dia- 
phragmatic hernia and persistent pulmonary hypertension, were 
better understood, the number and complexity of therapeutic 
maneuvers also increased. 

The characteristics of the patients treated in each period are 
listed in the Table. The three groups were identical for gestational 
age, presenting signs and symptoms, and preoperative blood gas 
determinations. The majority of patients were in extreme respira- 
tory distress immediately after birth, as indicated by the preopera- 
tive blood gas determinations. 

The postoperative management consisted of ventilator therapy, 
usually with rates of 80 to 150 breaths per minute. Inotropic 
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Presenting Symptoms, % 


Gestational 
Age, wk 
(Mean) 


Dyspnea/ 


Cyanosis Tachypnea 


Group 1, 
1970-1978 
(N=42: 

16 M, 26 F) 


Respiratory Barrel 
Arrest 


Physical Signs, % Preoperative Blood Gas 


Values, Mean + SEM* 
me 
Po, Pco,, 
Fio, mm Hg mm Hg 


1.0 44+12.2 67.5+6.1 


Absent Breath 
Sounds/Shifted 


Chest Heart 


10 99.6+10.1 71.5+11.1 


1.0 41.8+8.0 72.0+12.5 





*Fio, indicates fraction of inspired oxygen; Po,, oxygen pressure; and Pco,, carbon dioxide pressure. 


suppert, consisting of epinephrine, isoproterenol, or dopamine 
alone or in combination was utilized for low cardiac output or blood 
pressure. A pulmonary vasodilator (tolazoline) was used intra- 
venously, beginning in 1979, to attempt to relieve pulmonary 
hypertension, a well-known complication after diaphragmatic her- 
nia repair.”* Alkalosis induced by hyperventilation or buffer infu- 
sion (sodium bicarbonate), thought to relieve pulmonary vaso- 
spasm, was also attempted in later patients. 

Beginning in 1983, prolonged ECMO was offered to newborns 
with respiratory failure. The technique of ECMO and the eligibility 
criteria have been described previously,‘ but, briefly, the technique 
involves cannulation of the right atrium via the right internal 
jugular vein and cannulation of the aortic arch through the right 
carotid artery, with both vessels being ligated cephalad. The 
infant’s blood drains by gravity to a small reservoir, from which it is 
pumped through a membrane lung (Sci Med) by a standard roller 
pump. The reservoir has a servo-switch that turns the pump off if 
the venous return slows significantly. From the membrane lung, 
the blood is advanced through a heat exchanger for rewarming, 
then returned to the baby directly into the aorta. Approximately 
60% to 80% of venous return goes through the extracorporeal 
circuit, allowing the baby continued cardiac output that mixes with 
the oxygenated blood from the ECMO circuit for circulation. The 
baby is fully heparinized while receiving ECMO, with anticoagula- 
tion monitored closely by means of the activated clotting time. The 
entire ECMO apparatus is self-contained on a small cart that is 
brought to the patient’s bedside. Cannulation is generally per- 
formed in the intensive care unit after hernia repair, but one 
patient in this series began receiving ECMO shortly after birth, 
before repair of the hernia. The hernia was repaired 24 hours later 
while the baby continued to receive ECMO. Seven other infants 
treated with ECMO were connected to the apparatus after hernia 
repair. 

Weaning and removal from ECMO was accomplished when the 
patient’s chest roentgenogram improved and the patient main- 
tained normal blood gas values with modest ventilator settings 
(rate, 40 to 80 breaths per minute; peak inspiratory pressure, 20 to 
26 cm of water). Generally, the infants continued to receive 
mechanical ventilatory assistance for five to ten days after removal 
from ECMO. 


RESULTS 


The survival for each group in this series was as follows: 
1970 through 1978, 17 (40%) of 42; 1979 through 1982, 14 
(45%) of 31; 1983 through 1985, 12 (75%) of 16 (P<.01, group 3 
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vs group 1 and group 2). An analysis of the cause of death in 
the first two groups revealed an inability to oxygenate the 
baby postoperatively. In nonsurvivors, oxygen pressure 
levels were rarely maintained above 50 mm Hg, despite 
high-frequency ventilation, inotropic support, and pulmo- 
nary vasodilators (tolazoline). Among infants in group 2 
(1979 through 1983) receiving tolazoline, 14 responded ini- 
tially to the medication with increased oxygen pressure 
levels, but only four maintained blood gas values adequate 
for survival. The remainder became unresponsive to the 
medication. Autopsies in group 1 and 2 nonsurvivors re- 
vealed pulmonary hypoplasia, usually bilateral, charac- 
terized by decreased lung weights, distorted small airways, 
and reduced total alveoli counts. Pulmonary artery mus- 
cular hyperplasia was evaluated after 1977° and found in 
100% of the lungs of nonsurvivors at autopsy. 

An analysis of survival in group 3 is considerably differ- 
ent due to the introduction of ECMO in 1984. Using criteria 
previously described,‘ eight infants were treated with 
ECMO, seven after repair of the hernia, and one before 
repair. Three of these infants eventually died, one of in- 
tracerebral hemorrhage, one of severe pulmonary hypo- 
plasia and continued pulmonary hypertension, and one 
from Pseudomonas species pneumonia six weeks after 
repair and ECMO. The latter baby was never successfully 
weaned from the ventilator. Another eight infants in this 
group were treated without ECMO. The only nonsurvivor 
in this subgroup died of respiratory insufficiency after she 
was found to have an intracerebral hemorrhage detected by 
cranial ultrasound after repair of the hernia, which pre- 
cluded the use of ECMO.‘ Large intracerebral and intra- 
ventricular hemorrhages were found at autopsy. 

At follow-up after hospital discharge, all survivors from 
groups 1 and 2 were normal. Although no formal psycho- 
logic, development, or pulmonary function testing were 
done in infants in these groups, no obvious abnormalities 
were recorded. Among the 12 survivors in group 3, the 
seven treated without ECMO are normal with regard to 
development. In the other five survivors (treated with 
ECMO), three are normal by results of neurologic examina- 
tion, while two are developmentally delayed. One of the 
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latter patients continues to receive mechanical ventilatory 
assistance three months after repair. 


COMMENT 


Congenital diaphragmatic hernia has remained an 
enigma to the pediatric surgeon for the past 40 years, since 
the first successful repair by Gross® in an infant younger 
than 24 hours of age. Increasing sophistication and tech- 
nologic advances in the care of the newborn have apparently 
not made a significant impact on the survival of newborns 
with CDH.’ Pharmacologic manipulation has also not im- 
proved survival, despite the fact that pulmonary hyperten- 
sion has been known to be a part of the pathophysiology of 
CDH for at least ten years. Potent pulmonary vasodilators, 
such as tolazoline, showed early promise,’ but an increasing 
number of reports” have documented that these drugs have 
not made a significant impact on the high mortality rate of 
CDH. 

In 1974, Bartlett et al” successfully treated a newborn in 
respiratory failure with ECMO and soon thereafter the 
technique was applied to patients with repaired CDH who 
failed to respond to routine medical therapy. Since then, a 
number of medical centers have reported success in treating 
CDH with ECMO." 

This series documents an improved survival in infants 
treated with a protocol of maximal medical therapy, fol- 
lowed, if necessary, by ECMO in those infants who fail to 
respond to medical treatment. Unfortunately, one infant in 
this series developed an intracerebral hemorrhage soon 
after repair, which is a distinct contraindication to the use of 
ECMO because of the complete systemic anticoagulation 
needed during ECMO therapy. 

This series also confirms that many infants will survive 
without the need for ECMO. Throughout the 15 years of this 
series, a number of infants survived without this invasive 
form of life support. Considering the well-known complica- 
tions of ECMO,** including intracerebral hemorrhage, 
developmental abnormalities, hemorrhage from operative 





sites, long-term oxygen or ventilator dependence, and 
seizure disorders, the approach of attempting medical 
therapy before the institution of ECMO seems correct. 

Despite an increased survival with the use of ECMO, a 
number of questions remain concerning ECMO that are 
further illustrated in this series. The technique, as prac- 
ticed in most medical centers, involves ligation of the 
carotid artery. Immediate brain ischemia is possible, al- 
though it is rare among newborn patients.“ Intracerebral 
or intraventricular hemorrhage may occur in any severely 
stressed newborn, and systemic heparinization may aggra- 
vate such hemorrhage. Bleeding from the fresh hernia 
operative site is also possible. Careful neurologic follow-up 
is vital to assess the long-term outcome of these infants. 
Finally, chronic pulmonary insufficiency, leading to ven- 
tilator dependency, has occurred in one infant in this series. 
Most of the patients treated with ECMO would not have 
survived without this invasive technique, and thus the 
possibility exists that a population of infants such as this 
will be created by ECMO. Fortunately, of 50 newborns with 
respiratory failure who have survived ECMO thus far at our 
institution, the only infant with long-term ventilator de- 
pendency is described herein. We continue to hope for 
eventual weaning from the ventilator in this child. 

Many infants with CDH present in extremis and are poor 
candidates for immediate repair. One infant presenting in 
this way in this series was immediately given ECMO and 
underwent repair of the hernia 24 hours later, at which time 
his blood gas values were completely normal, and his vital 
signs were stable. Despite systemic heparinization, no 
undue hemorrhage occurred during or after the repair. The 
child was eventually successfully weaned from ECMO and 
the ventilator and was discharged from the hospital. The 
success with this single patient encourages us to attempt a 
similar approach in other newborns with CDH who would 
otherwise not survive the operation. 


This investigation was supported by the March of Dimes service grant 
C-437. 
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Discussion 


JAY L. GROSFELD, MD, Indianapolis: As we have not begun the 
ECMO program at Indiana University, my comments are those of a 
neutral observer with no bias in the treatment of these patients. 

I am concerned about the validity of the statistical evaluation 


Arch Surg—Vol 122, May 1987 


used in this report. The authors combine ECMO-treated and 
non—ECMO-treated patients in showing an improved mortality 
when seven of the eight non-ECMO-treated patients survived in 
group 3. 
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Diaphragmatic hernia is a perplexing problem. Even when the 
diagnosis is made antenatally by ultrasound, the high-risk mother 
delivers at a medical center, and the baby is operated on within 
minutes of delivery, the survival rate is still only 25%. 

We are operating on some patients who previously might have 
died before ever arriving at a neonatal center. 

These were the patients that account for the “hidden mortality” 
in diaphragmatic hernia in the previous two decades. 

Prenatal ultrasound has also established that fetuses with 
diaphragmatic hernia and mothers with polyhydramnios have even 
a higher postnatal mortality (18%). I wonder if Dr Weber evaluated 
this in his group of patients. 

I have some concerns about the selection of patients for ECMO 
preoperatively. Some of those patients might not require ECMO 
postoperatively. Bleeding has been a problem in many of the 
previously reported ECMO studies, but was not mentioned by the 
authors. Intracranial hemorrhage may occur after ECMO, even 
though there is no evidence of it preoperatively. Some authors have 
described an unusual form of hypertension complicating ECMO 
that may influence the occurrence of intracranial hemorrhage 
following perfusion. 

In addition, some centers do not use ECMO and claim that high- 
frequency jet ventilation is just as efficacious. 

Could Dr Weber discuss some of these issues? Can the authors 
tell us about their logistics and manpower demands? How long 
would you keep a patient on ECMO, and, finally, do third-party 
payers reimburse the institution and the physician for ECMO? 

Joun A. WEIGELT, MD, Dallas: Dr Grosfeld has already touched 
on a number of items that I felt were important in this article. I am 
primarily concerned with the comparisons that have been made. I 
really think there are four patient groups in this article because 
group 3 includes ECMO-treated patients and non-ECMO-treated 
patients. The survival is 55% for patients receiving ECMO and 90% 
for patients not receiving ECMO. Is the real difference the periods 
rather than ECMO? 

There is a change in therapy going on during these periods, as 
newer treatment modalities for patients receiving ventilatory 
assistance are developed; ECMO certainly is one of them, but I 
think there may be lesser modalities, such as mode of ventilatory 
therapy that was used during these three periods. Could you 
comment on whether jet ventilation was used, whether mean 
airway pressures were monitored during any of the periods, and if 
changes occurred in these two or any other ventilator parameters? 

Then, finally, from a logistic standpoint, what is the duration of 
ECMO? You showed us one patient who received ten days of 
ECMO. Is that the standard? Is that the average? 

I certainly enjoyed the report, and I think the concept is 
exciting, but I think we really do need to be careful how we apply 
this therapy not only in the pediatric population but also in the 
adult population. 

Dr WEBER: This is a preliminary study. Extracorporeal mem- 
brane oxygenation has been utilized in adults through the 1970s. It 
was abandoned in most centers because of a randomized prospec- 
~ tive study that showed no improvement in survival among adults 
_ with “shock lung” and acute respiratory distress syndrome. 

The first neonate survival occurred in 1975 and was described by 
Dr Robert Bartlett who is in Ann Arbor, Mich. So this is a new 
technique. It has only been around for ten years, and, in fact, there 
have been up until recently only six or ten centers nationally that 
are utilizing this technique, so there is a lot to learn about it. These 
are very preliminary studies. 

Both diseussants asked about the criteria used in deciding 
whether the baby will receive ECMO. Our criteria and those in 
most centers include only those babies that we think are not going 
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to survive with conventional therapy. 

It gets difficult to tell in some of these babies who can look very 
bad one minute and good the next minute and then bad an hour 
later. It is hard to tell which babies perhaps are not going to 
survive. 

We have utilized arterial-alveolar difference of oxygen pressure 
ratios. Others have made pulmonary indexes of various kinds, and 
this is an evolving field that we hope will get straightened out 
sometime in the next few years, but all of the centers that are 
utilizing ECMO for newborns are struggling with the questions of 
which babies are not going to survive with conventional therapy 
because this involves ligation of the carotid artery and hepariniza- 
tion. It is a technique that we would like to avoid, if possible. 

We think we have identified in our babies a group that would not 
have survived without ECMO. We gave them what for our institu- 
tion is maximal medical therapy that excluded use of jet ven- 
tilators. We believe our babies were failing and in several instances 
undergoing cardiac arrest as we were cannulating them, but again 
these are difficult questions, but as more and more babies are 
treated with ECMO, some of these questions may be answered. 

This is not a randomized trial. It is going to become, I think, 
increasingly difficult to do a randomized trial involving ECMO 
simply because those of us who are doing it think it is a lifesaving 
technique, and denying some babies this technique to complete a 
randomized trial ethically, I think, is going to be difficult. 

I have no data on prenatal ultrasound whatsoever. Several 
centers are investigating prenatal ultrasound, perhaps with a 
thought of repairing diaphragmatic hernia in utero, although that 
is in the future. 

Bleeding complications vary from series to series. We have not 
had significant bleeding complications among our 70 babies that we 
have treated with ECMO for various diseases of respiratory 
distress. Likewise, we have only had one or two babies that have 
developed hypertension. The group at Detroit Children’s Hospital 
has reported hypertension as a complication of ECMO, but I think 
their experience, at least thus far, in speaking to several other 
people around the country, is unique. 

We have received one baby in this group from an outside hospital 
who had been treated with a jet ventilator unsuccessfully after 
repair of diaphragmatic hernia. We have also received five others 
from outside institutions who have been treated with jet ven- 
tilators for various disorders in which the jet ventilators have 
failed. 

I have no statistics to show how many patients at these other 
institutions are surviving with jet ventilators. But this is a new 
modality that needs to be tested and looked at and perhaps ECMO 
in the future will be reserved for those babies who fail when they 
receive jet ventilation. 

The manpower requirements for this kind of technique are 
considerable. We utilize two nurses for every baby. We have had as 
many as four babies on different machines simultaneously. It tends 
to drain the intensive care unit nursing staff in terms of hours and 
fatigue, but the nurses have accepted this because it is exciting to 
them to be involved in this sort of therapy. 

We have had no problems whatsoever in third-party collections. 

Finally, the duration of ECMO. We do not have a rigid time limit 
in which we cut off the baby if he or she has not recovered in a 
specific length of time. At ten days, however, many of the babies 
begin to develop complications. They are hemolyzing rather ac- 
tively at that point. Many of them begin to show renal failure of one 
kind or another, and so the chances of survival after ten days— 
although we have several of those—seem to decrease. 

Our policy, however, is to keep them on the apparatus until either 
a fatal complication occurs or until they have recovered. 
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Correspondence and Brief Communications 


Single-Valve vs Double-Valve 
Denver Peritoneovenous Shunts 
for Ascitic Fluid 


To the Editor.—The title, the bulk of 
the text, and the conclusions of a re- 
cent article by Fulenwider et al’ imply 
that their study applies to the double- 
as well as to the single-valve Denver 
peritoneovenous shunt. However, only 
single-valve Denver shunts were in- 
cluded in the nine-unit series. It is 
commonly known that double-valve 
Denver shunts are preferred for the 
vast majority of shunting candidates, 
and the single-valve type is recom- 
mended only when very viscous ascitic 
fluid is encountered. Since the double- 
valve type was commercially available 
at the time of the Fulenwider series, it 
is not clear why single- instead of 
double-valve shunts were tested if the 
series had to be restricted to one type. 

A major beneficial feature of the 
Denver device was apparently not uti- 
lized during the management of the 
patients in this series. There is no 
indication in the article that the Den- 
ver shunt was regularly pumped ac- 
cording to the method recommended 
on page 19 in the instruction manual 
supplied with every shunt. In that 
instruction, it is stressed that the 
venous catheter of the single-valve 
shunt should be manually occluded 
during the release stage of the pump- 
ing cycle. Otherwise, blood may be 
drawn into the venous limb of the 
shunt unless there is enough ascitic 
fluid to refill it promptly. In the dou- 
ble-valve shunt, the second valve relia- 
bly prevents blood reflux during 
pumping. 

In view of the above comments and 
others that space restrictions do not 
allow, I suggest that the conclusions of 
the Fulenwider study are unjustified 
and that the relevance of the report to 
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standard clinical practice is question- 
able. 
JOHN B. NEWKIRK, DSc 
Evergreen, Colo 


Reprint requests to Denver Biomaterials Inc, 
6851 Highway 73, Evergreen, CO 80439 (Dr 
Newkirk). 
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Subcutaneous Emphysema and 
Cocaine: A Rare Case 


To the Editor.—There has been much 
discussion about cocaine nowadays, 
and I would like to mention that some 
patients who smoke cocaine might pre- 
sent with subcutaneous emphysema of 
the neck and mediastinum. 

It seems that the potent vasocon- 
strictor effect of cocaine may produce 
necrosis of the mucous membrane of 
the larynx in those who smoke cocaine 
in the same way that it does with the 
nasal septum in those who snort it. 

In a single case I recently encoun- 
tered, the first complaint was that of 
pain and discomfort in the region of the 
throat and neck; this was associated 
with a noticeable swelling of the soft 
tissues of the neck, giving it the ap- 
pearance of that of a bullfrog. Simple 
pressure on the swelling elicits the 
sensations of crepitations. There was 
also a change in the patient’s voice 
from the air leaks secondary to the 
laryngeal perforation. 

The condition responds to conserva- 
tive management. This consists of hos- 
pitalization for close monitoring of the 
vital signs, administering anti-inflam- 
matory medication, analgesics, and 
antibiotics, and allowing gradual heal- 
ing to occur, provided that no secon- 
dary infection supervenes. 


I reviewed the literature and en- 
countered a multitude of causes that 
can produce subcutaneous emphy- 
sema. They include rib fractures, 
pneumothorax, endotracheal intuba- 
tion, cardiopulmonary resuscitation, 
ventilator malfunction, blunt trauma 
to the cervical portion of the trachea, 
inhaled foreign body in the laryngeal 
inlet, colonoscopy, arthroscopy, extra- 
dural analgesia, self-abuse, dental 
procedures, mandibular fractures, re- 
storative procedures on the face, and 
perinephric abscess. However, I did 
not find any case similar to the one 
described herein. 

NAGUI KHouzAm, MD 
Winter Garden, Fla 


In Reply.—The issue of diagnosis-re- 
lated groups (DRGs) and the Medicare 
Prospective Payment System is a com- 
plex one, which has generated a 
change in the philosophy of the prac- 
tice of medicine as it relates to reim- 
bursement. Historically, physicians 
concentrated on clinical management 
of patients, and administration ad- 
dressed the issue of payment for oper- 
ation and provision of care. This re- 
sulted in major shifting of costs to 
clinical and nonclinical areas, which 
were overreimbursed from areas that 
lost revenue for the hospital. The re- 
sult of this practice was that fre- 
quently the charges for services bore 
little relationship to the actual cost. 

The DRGs were developed from 467 
clinical groups and were based on nor- 
mative costs for each group. The thrust 
of our article was to illustrate that any 
clinical group of patients that is shifted 
away from the norm by severity will by 
definition not reflect the logic from 
which the DRGs were derived. 

Critically ill or injured patients con- 
sume more resources than noncriti- 
cally ill patients. The DRGs are not 
based on severity of injury and thus do 
not reflect the cost or charges of the 
severely ill or injured patients who are 
in the hospital. 

This is particularly true in a center 
that selects for treatment severely ill 
or injured patients, such as neonates 
or those with burns, spinal cord inju- 
ries, or trauma. The important ques- 
tion is whether the patient is better 
served and has a better outcome in a 
center that specializes in such ill- 
nesses. If this is the case, then the 
DRGs create a fiscal disincentive for 
these patients. The results are two- 
fold. It discourages centers of excel- 
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lence in highly complex clinical pa- 
tients and procedures, and it creates 
negative pressures against receiving 
patients from small hospitals that are 
unable to manage such patients. 

The purpose of our prospective pro- 
jected analysis was to highlight this 
potential problem to generate thought 
and action prior to the DRGs’ being 
adopted by all third-party payers. We 
appreciate Dr Mullin’s recognition of 
the fiscal management of the institu- 
tion and note that this enhances the 
point of our article. If an institution 
that is well managed fiscally can pro- 
ject major losses in the management of 
trauma patients, the financial disin- 
centives are likely to be more clearly 
demonstrated in less-well-managed in- 
stitutions. To perpetrate the system of 
cost shifting, which the author im- 
plies, is the converse of the philosophy 
of the DRGs and the Medicare Pro- 
spective Payment System. 

The analysis was developed by ex- 
amining the charges for each trauma 
patient. The reimbursement analysis 
included indirect and direct medical 
costs. Extra day outlier payments 
were not included, as it required pro- 
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1987 
May 


Association of Veterans Administration Sur- 
geons, May 7-9, Portland, Ore. Contact Donald 
E. Fry, MD, Chief, Surgical Service, VA Medical 
Center, 10701 East Blvd, Cleveland, OH 44106. 


The Surgical Infection Society, May 11-12, The 
Hershey, Philadelphia. Contact Jonathan L. 
Meakins, MD, Department of Surgery, Room 
$10.30, Royal Victoria Hospital, 687 Pine Ave 
W, Montreal, Quebec, Canada H3A 1A. 


Annual Meeting of the Society for Surgery of 
the Alimentary Tract Inc, May 12-13, Hyatt 
Regency, Chicago. Contact David Nehrwold, 
MD, Department of Surgery, Northwestern Uni- 
versity, 250 E Superior St, Suite 201, Chicago, 
IL 60611. 


American Fracture Association Annual Meet- 
ing, May 23-27, Hyatt Regency, Chicago. Con- 
tact Jonn L. Wright, MD, PO Box 668, Bloom- 
ington, IL 61701. 


620 Arch Surg—Vol 122, May 1987 


jecting this cost across all payers who 
were not in the Medicare system and 
thus have not developed a philosophy 
relative to outlier payment. If this 
were done, it would have resulted in an 
approximately 10% increase. We agree 
that this would have been helpful to the 
reader. 

We appreciate the opportunity to 
bring this important issue to your 
readership. 

LENWORTH M. JAcoss, MD 
RoBERT J. SCHWARTZ, MD 
Hartford, Conn 


Noninvasive Detection of 
Gallstone Acute Pancreatitis 


To the Editor.—We read with interest 
the article by Dr Neoptolemos and 
colleagues’ concerning the use of endo- 
scopic retrograde cholangiopancre- 
atography in the diagnosis and treat- 
ment of gallstone acute pancreatitis. 
The authors state that noninvasive im- 
aging modalities, including ultrason- 
ography and computed tomography, 
are of “dubious” value for detecting 
choledocholithiasis. We have found 


June 


ISCVS/SVS, June 7-10, Sheraton Centre, To- 
ronto, Ontario (617) 927-8330. 


First International Shock Congress and Tenth 
Annual Conference on Shock, June 7-11, 
Meridien Hotel, Montreal, Canada. Contact Dr 
Sherwood M. Reichard, Medica! College of 
Georgia, Augusta, GA 30912. 


Western Thoracic Surgical Association, June 
24-28, Silverado, Colorado Springs (617) 
927-8330. 


September 


American Association for the Surgery of 
Trauma, September 10-12, Bonaventure Hilton, 
Montreal, Quebec, Canada. 


Annual Meeting of the Society of Thoracic 
Surgeons, Sept 21-23, Metro Toronto Conven- 
tion Center, Toronto, Ontario, Canada. 


these modalities, especially computed 
tomography, to be quite useful in this 
regard. By using state-of-the-art 
equipment, fast scanners (=2 s), and 
fine collimation (5 mm) scans, in- 
traductal stones can be detected in up 
to 90% of cases.”* Improved ultrasound 
techniques, including scanning the in- 
trapancreatic bile duct transversely 
with the patient upright, can increase 
the rate of sonographic detection to 
89% and 70% for proximal and distal 
stones, respectively.* The noninvasive 
imaging modalities can provide a fairly 
accurate sereen for choledocholithiasis 
and should be considered before more 
invasive studies are undertaken. 
RICHARD M. Gore, MD 
ROBERT L. VOGELZANG, MD 
Chicago 

1. Neoptolemos JP, London N, Slater ND, 
et al: A prospective study of ERCP and endo- 
scopic sphincterectomy in the diagnosis and 
treatment of gallstone acute pancreatitis: A ra- 
tional and safe approach to management. Arch 
Surg 1986;121:697-702. 

2. Jeffrey RB, Federle MP, Lang FC, et al: 
Computed tomography of choledocholithiasis. 
AJR. 1983;140:1179-1183. 

3. Mitchell SE, Clark RA: A comparison of 


computed tomography and sonography in cho- 
ledocholithiasis. AJR 1984;142:729-733. 


October 


New England Surgical Society, October 16-18, 
The Mount Washington, Bretton Woods, New 
Hampshire. 


American College of Surgeons, October 11-16, 
San Francisco. Contact LaSalle D. Leffall, Jr, 
MD, American College of Surgeons, 55 E Erie 
St, Chicago, IL 60611. 


November 


Annual Meeting of The American Association 
for Hand Surgery, Nov 4-8, Caribe Hilton 
Hotel, San Juan, Puerto Rico. Contact Myra 
Josephson, American Association for Hand 
Surgery, 2934 Fish Hatchery Rd, Suite 218, 
Madison, WI 53713. 


Southern Thoracic Surgical Association, Nov 
5-7, Boca Raton, Boca Raton, Fla (312) 
644-6610. 


1988 

March 
ESPEN Scientific Symposium, Current Per- 
spectives in Nutrition and Infection, March 
13-17, Jerusalem, Israel. Contact Dr Herbert R. 


Freund, Symposium Chairman, PO Box 983, 
Jerusalem 91009, Israel. 
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In intra-abdominal and gynecologic infection 


due to indicated organisms 
Switch to 


CEFOTAN... 


(cefotetan disodium! 






For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 
TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 


Urinary tract infections caused by £ coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganii) 


Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus 
influenzae (including ampicillin-resistant strains), Klebsiella species (including K pneumoniae), 
and E coli. 


Skin and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis ,* Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. 


Gynecologic infections caused by Staphylococcus aureust (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis ,* Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species,’ and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus species*), 


intra-abdominal infections caused by E coli, Klebsiella species (including K pneumoniae’), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicron). 


Bone and joint infections caused by Staphylococcus aureus.‘ 
* NOTE: Some strains of Staphylococcus epidermidis are resistant to cefotetan 
"Efficacy for this organism in this organ system was studied in fewer than ten infections. 


PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
contaminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, 
transurethral surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the 
clamping of the umbilical cord. 

If there are signs and symptoms of infection, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated. 


CONTRAINDICATIONS 
CEFOTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics 


WARNINGS 

Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had previous hypersensitivity reactions to cefotetan disodium, ce halosporins, 
penicillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any ee who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require Fee cee and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
pan antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
arrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit 
overgrowth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary 
cause of antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind 
the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should 
be managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not 
relieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for 
ee pseudomembranous colitis produced by C difficile. Other causes should also be 
considered. 


PRECAUTIONS 

GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment, or poor nutri- 
tional state. Prothrombin times should be monitored in patients at risk and exogenous Vitamin K 
administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 


INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by te | sweating, headache, and tachycardia may occur when alcohol (beer, wine. 
etc) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
ingestion of alcoholic beverages following the administration of CEFOTAN. 


DRUG INTERACTIONS: If CEFOTAN and an aminoglycoside are used concomitantly, renal function 
should be carefully monitored, especially if higher vets pe of the aminoglycoside are to be adminis- 
tered or if therapy is prolonged, because of the potentia nephrotoxicity and ototoxicity of aminoglyco- 
side antibiotics. Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, 
it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside. 


DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehling's solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels of Jaffe reaction and produce false increases in the levels of 
Creatinine reported. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approx 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 


The cost-effective replacement for cefoxitin 


CEFOTAN™ (cefotetan disodium) 


developmentally analogous to late childhood and pe opted in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogo- 
nia and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions 
were dose-dependent; at 120 mg/kg/day tl 2-4 times the usual human dose), only 1 of 10 
treated animals was affected, and the degree of degeneration was mild. Similar lesions have been 
observed in experiments of comparable design with other methylthiotetrazole-containing antibiotics 
and impaired fertility has been reported, particularly at high dose levels. No testicular effects were 
observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or in infant dogs 

(3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these findings to 
humans is unknown. 


USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled 
Studies in pregnant women. Because animal reproductive studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed 


USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations 
Caution should be exercised when cefotetan is administered to a nursing woman 


PEDIATRIC USE: Safety and effectiveness in children have not been established 


ADVERSE REACTIONS l 
In clinical studies the following adverse effects were considered related to CEFOTAN therapy 


Gastrointestinal symptoms occurred in 1.5 percent of patients; the most frequent were diarrhea (1 in 
80) and nausea (1 in 700). 


Hematologic laboratory abnormalities occurred in 1.4 percent of patients and included eosinophilia 
(1 in 200), positive direct Coombs’ test (1 in 250), and thrombocytosis (1 in 300) 


Hepatic enzyme elevations occurred in 1.2 percent of patients and included a rise in SGPT (1 in 150), 
SGOT (1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700) 


Hypersensitivity reactions were reported in 1.2 percent of patients and included rash (1 in 150) and 
itching (1 in 700). 


Local effects were reported in less than one percent of patients and included phlebitis at the site of 
injection (1 in 300), and discomfort (1 in 500). 


DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or 
intramuscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be 
determined by the condition of the patient, severity of the infection, and Susceptibility of the causative 
organism. 





GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
ea Ca ee ST ER L Anca 


Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 
1 or 2 g every 24 hours IV or IM 
1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3g every 12 hours IV 


“Maximum daily dosage should not exceed 6 grams. 

PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
Surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be 
administered as soon as the umbilical cord is clamped. 


IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 
seclusion RSI 


DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 


mL/min Dose Frequency 
O E ohn 
>30 Usual Recommended Dose* Every 12 hours 
10-30 Usual Recommended Dose* Every 24 hours 
<10 Usual Recommended Dose* Every 48 hours 


"Dose determined by the type and severity of infection, and Susceptibility of the causative organism 


Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
Sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis 


HOW SUPPLIED 

CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium 
equivalent to 1g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 g 
dose is available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials 
The vials should not be stored at temperatures above 22°C and should be protected from light 
1gin10 mL vial NDG 0038-0376-10 

2 g in 20 mL vial (NDC 0038-0377-20 

1g in 100 mL vial hit 0038-0376-1 1 

2 g in 100 mL vial (NDC 0038-0377-21 


Manufactured for 


STUART PHARMACEUTICALS 


Division of ICI Americas Inc 


Wilminatan Nalawara 1QRQ7 LANCI an 


Daw C 2/0c 
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i Iœ@fotetan disodium}. 


P Please see adjacent page 
© for brief summary 
of prescribing information. 
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Mean: Powerfully effective antimicrobial therapy 
with a single daily dose. 


| l No. of E 
Type of infection* diagnoses Clinical response! 


Bacterial 42 95% (76% curedt 
septicemia 19% improved #) 


Bone and joint 64 95% (75% cured 
20% improved) 


Intra-abdominal T 92% (75% cured 
17% improved) 


Lower 112 97% (70% cured 
respiratory tract 27% improved) 


Skin/skin 195 95% (75% cured 
Structure 20% improved) 


Urinary tract 105 100% (91% cured 


_ 9% improved) 


Overall response 97% (78% cured 
19% improved) 


Dosage was 1 or 2 gm q24h. 
* See summery of product information on last page of this advertisement 
for indicated organisms. 


tClinical Cure: Clinical Improvement: 
Elimination of the clinical signs A significant lessening of the 
and symptoms of the disease, clinical signs and symptoms of 
with no‘recurrence at the time the disease. 


thie dfgewas discontinued or 
F, gph ire fold -ube 


j al Copyfight Oh 1987 by Hoffmann-La Roche Inc. All rights reserved. 
es See | 





Lean: Once-daily therapy costs less. 

Less drug needed?*—usually just 1 gram—fewer 
IV supplies, less pharmacy labor, less nursing 
time, fewer opportunities for error . . . just a few 
of the many reasons why once-a-day ROCEPHIN® 
(ceftriaxone sodium) almost always costs patients 
less than any other third-generation cephalosporin. 


And ROCEPHIN IV remains stable for 3 days at 
room temperature, so little is lost to spoilage. 


Result: documented savings of thousands of 
dollars every year'®® . . . and once-daily therapy 
makes outpatient treatment feasible, saving even 
more.’ 





Clean: Generally well tolerated.’ 

4 As with any cephalosporin, there exists the 
possibility of hypersensitivity reactions, especially 
in individuals with a history of drug sensitivity. 
Adverse clinical effects occur at levels similar to 
those of other cephalosporins; in clinical trials, 
diarrhea (2.7%), rash (1.7%) and injection-site 
discomfort (1.0%) were reported. 


Once-a-day 


Roce 





ceftriaxone SO 
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Rocephin v.m 
ceftriaxone sodium/Roche 


Before prescribing, please consult complete product information, a summary of which follows: 
MICROBIOLOGY: The bactericidal activity of ceftriaxone results trom inhibition of cell wall synthesis 
Ceftriaxone has a high degree of stability in the presence of beta-lactamases, both penicillinases and 
cephalosporinases, of gram-negative and gram-positive bacteria. Ceftnaxone is usually active against the 
following microorganisms in vitro and in clinical infections (see Indications and Usage) 
GRAM-NEGATIVE AEROBES: Enterobacter aerogenes, Enterobacter cloacae, Eschenchia coli, Hae- 
mophilus influenzae (including ampicillin-resistant strains), H. parainfluenzae, Klebsiella species (includ- 
ing K pneumomae), Neisseria gonorrhoeae (including penicillinase and nonpenicillinase producing 
strains), Nerssena meningitidis, Proteus mirabilis, Proteus vulgaris, Morganella morgan and Serratia 
marcescens 
Note: Many strains of the above organisms that are multiply resistant to other antibiotics, eg., penicillins, 
cephalosporins and aminoglycosides, are susceptible to ceftriaxone sodium 
Ceftriaxone is also active against many strains of Pseudomonas aeruginosa 
GRAM-POSITIVE AEROBES. Staphylococcus aureus (including penicillinase-producing strains) and 
Staphylococcus epidermidis (Note: methicillin-resistant staphylococci are resistant to cephalosporins, 
including ceftnaxone), Streptococcus pyogenes (Group A beta-hemolytic streptococci), Streptococcus 
agalactiae (Group B streptococci) and Streptococcus pneumoniae (Note Most strains of enterococci, 
Streptococe.s faecalis and Group D streptococci are resistant.) 
Ceftriaxone also demonstrates in vitro activity against the following microorganisms, although the clinical 
significance is unknown 
GRAM-NEGATIVE AEROBES. Citrobacter freundi, Citrobacter diversus, Providencia species (including 
Providencia retigen), Salmonella species (including S. typhi), Shigella species and Acinetobacter 
Ccalcoacelicus. 
ANAEROBES: Bacteroides species, Clostndium species (Note most strains of C difficile are resistant) 
SUSCEPTIBILITY TESTING. Standard susceptibility disk method. Quantitative methods that require 
measurement of zone diameters give the most precise estimate of antibiotic susceptibility One such 
procedure (Bauer AW, Kirby WMM, Sherris JC, Turck M: Antibiotic Susceptibility Testing by a Standardized 
Single Disk Method, Am J Clin Pathol 45. 493-496, 1966, Standardized Disk Susceptibility Test, Federal 
Register 39 19182-19184, 1974; National Committee for Clinical Laboratory Standards, Approved Stan- 
dard: ASM.2, Performance Standards for Antimicrobial Disk Susceptibility Tests, July 1975.) has been 
recommended for use with disks to test susceptibility to ceftnaxone 
Laboratory results of the standardized single-disk susceptibility test using a 30-mcg ceftnaxone disk 
should be interpreted according to the following three cnteria 
1. Susceptible organisms produce zones of 18 mm or greater indicating that the tested organism is likely 
to respond to therapy 
2 Organisms that produce zones of 14 to 17 mm are expected to be susceptible it a high dosage (not to 
exceed 4 gm per day) is used or if the infection is confined to tissues and fluids (eg. unne), in which 
high antibiotic levels are attained 
3. Resistant organisms produce zones of 13 mm or less, indicating that other therapy should be selected 
Organisms should be tested with the ceftriaxone disk, since ceftriaxone has been shown by in vitro tests 
to be active against certain strains found resistant to cephalosporin class disks 
Organisms having zones of less than 18 mm around the cephalothin disk are not necessarily of 
intermediate susceptibility or resistant to ceftriaxone. 
Standardized procedures require use of control organisms. The 30-mceg ceftriaxone disk should give zone 
diameters between 29 and 35 mm, 22 and 28 mm and 17 and 23 mm for the reference strains E coli ATCC 
25922, S. aureus ATCC 25923 and P aeruginosa ATCC 27853. respectively 
DILUTION TECHNIQUES: Based on the pharmacokinetic profile of ceftriaxone, a bacterial isolate may be 
considered susceptible if the MIC value for ceftriaxone is not more than 16 mcg/ml. Organisms are 
considered resistant to ceftriaxone if the MIC is equal to or greater than 64 mcg/ml. Organisms having an 
MIC value of less than 64 mcg/ml, but greater than 16 mcg/ml, are expected to be susceptible if a high 
dosage (not to exceed 4 gm per day) is used or if the infection is contined to tissues and fluids (e.g, urine), 
in which high antibiotic levels are attained 
E. coli ATCC 25922, S aureus ATCC 25923 and P aeruginosa ATCC 27853 are also the recommended 
reference strains for controlling ceftriaxone dilution tests. Greater than 95% of MICs tor the E coli strain 
should fall within the range of 0.016 to 0.5 mcg/ml. The range for the S. aureus strain should be 1 to 2 
mcg/ml, while ‘or the P aeruginosa strain the range should be 8 to 64 mcg/mi 
INDICATIONS AND USAGE: Rocephin js indicated for the treatment of the following infections when 
caused by susceptible organisms: 
LOWER RESPIRATORY TRACT INFECTIONS caused by Strep. pneumoniae, Streptococcus species 
(excluding enterococci), Staph. aureus, H. influenzae, H. paraintiuenzae, Klebsiella species (including K 
pneumoniae), E. coli, E aerogenes, Proteus mirabilis and Serratia marcescens 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus, Staph epidermidis, Streptococcus 
species (excluding enterococci), E. cloacae, Klebsiella species (including K. pneumoniae), Proteus 
mirabilis and Pseudomonas aeruginosa 
URINARY TRACT INFECTIONS (complicated and uncomplicated) caused by E. coli, Proteus mirabilis, 
Proteus vulgans, M. morgani and Klebsiella species (including K pneumoniae) 
UNCOMPLICATED GONORRHEA (cervical/urethral and rectal) caused by Neisseria gonorrhoeae, 
including both penicillinase and nonpenicillinase producing strains 
PELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae 
BACTERIAL SEPTICEMIA caused by Staph. aureus, Strep pneumoniae, E. coli, H. influenzae and K 
pneumoniae 
BONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. pneumoniae, Streptococcus species 
(excluding enterococci), E coh, P mirabilis, K pneumoniae and Enterobacter species 
INTRA-ABDOMINAL INFECTIONS caused by E.coli and K pneumoniae 
MENINGITIS caused by H. influenzae, N. meningitidis and Strep pneumoniae Cettnaxone has also been 
used successfully in a limited number of cases of meningitis and shunt infections caused by Staph 
epidermidis and E coli 
PROPHYLAXIS The administration of a single dose of ceftriaxone preoperatively may reduce the inci 
dence of postoperative infections in patients undergoing coronary artery bypass surgery 
Although ceftriaxone has been shown to have been as effective as cefazolin in the prevention of infection 
following coronary artery bypass surgery, no placebo-controlled trials have been conducted to evaluate 
any cephalosporin antibiotic in the prevention of infection following coronary artery bypass surgery. 
SUSCEPTIBILITY TESTING: Before instituting treatment with Rocephin, appropnate specimens should 
be obtained for isolation of the Causative organism and tor determination of its susceptibility to the drug 
Therapy may be instituted prior to obtaining results of susceptibility testing 
CONTRAINDICATIONS: Rocephin is contraindicated in patients with known allergy to the cephalosporin 
class of antibiotics, 
WARNINGS: BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED. CAREFUL INQUIRY SHOULD BE 
MADE TO DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO CEPHALOSPORINS, PENICILLINS OR OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN 
CAUTIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH 
CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY 
TO DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE THE USE OF SUBCUTA. 
NEOUS EPINEPHRINE AND OTHER EMERGENCY MEASURES. 
Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad-spec- 
trum antibiotics); therefore, it is important to consider its diagnosis in patients who develop diarrhea in 
association with antibiotic use 
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ROCEPHIN® (ceftriaxone sodium/Roche) 

Treatment with broad-spectrum antibiotics alters the normal flora of the colon and may permit overgrowth 
of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of antibic ‘ic- 
associated colitis Cholestyramine and colestipol resins have been shown to bind to the toxin in vitro 
Mild cases of colitis respond to drug discontinuance alone Moderate to severe cases should be man- 
aged with fluid, electrolyte and protein supplementation as indicated 

When the colitis is not rekeved by drug discontinuance or when it is severe, oral vancomycin is the 
treatment of choice for antibiotic-associated pseudomembranous colitis produced by C difficile. Other 
causes of colitis should also be considered 

PRECAUTIONS: GENERAL: Although transient elevations of BUN and serum creatinine have been 
observed, at the recommended dosages, the nephrotoxic potential of Rocephin is similar to that of other 
cephalosporins. 

Ceftriaxone is excreted via both biliary and renal excretion (see Clinical Pharmacology). Therefore, patents 
with renal failure normally require no adjustment in dosage when usual doses of Rocephin are 
administered, but concentrations of drug in the serum should be monitored periodically If evidence of 
accumulation exists, dosage should be decreased accordingly. 

Dosage adjustments should not be necessary in patients with hepatic dysfunction, however, in patients 
with both hepatic dysfunction and significant renal disease. Rocephin dosage should not exceed 2 gm 
daily without close monitoring of serum concentrations 

Alterations in prothrombin times have occurred rarely in patients treated with Rocephin. Patients with 
impaired vitamin K synthesis or low vitamin K stores (eg. chronic hepatic disease and malnutrition) may 
require Monitoring of prothrombin time during Rocephin treatment Vitamin K administration (10 mg 
weekly) may be necessary if the prothrombin time is prolonged betore or during therapy. 

Prolonged use of Rocephin may result in overgrowth of nonsusceplible organisms. Careful observation of 
the patient is essential. If superinfection occurs during therapy, appropriate measures should be taken 
Rocephin should be prescribed with caution im individuals with a history of gastrointestinal disease, 
especially colitis 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY Carcinogenesis: Considering the 
maximum duration of treatment and the class of the compound, carcinogenicity studies with ceftriaxone 
in animals have not been performed. The maximum duration of anımal toxicity studies was six months 
Mutagenesis: Genetic toxicology tests included the Ames test, a micronucleus test and a test for 
chromosomal aberrations in human lymphocytes cultured in vitro with ceftriaxone Cettnaxone showed 
no potential for mutagenic activity in these studies 

impairment of Fertility Ceftriaxone produced no impawment of fertility when given intravenously to rats at 
daily doses up to 586 mg/kg/day. approximately 20 times the recommended clinical dose of 2 gm/day 
PREGNANCY Teratogenic Effects. Pregnancy Category B Reproductive studies have been performed in 
mice and rats al doses up to 20 times the usual human dose and have no evidence of embryotoxicity, 
tetotoxicily or teratogenicity. In primates, no embryotoxicity or teratogenicity was demonstrated at a dose 
approximately three times the human dose 

There are, however, no adequate and well-controlled studies in pregnant women. Because animal 
reproductive studies are not always predictive of human response, this drug should be used during 
pregnancy only if clearly needed 

Nonteratogenic Effects In rats, in the Segment | (fertility and general reproduction) and Segment Ill 
(perinatal and postnatal) studies with intravenously administered ceftnaxone, no adverse effects were 
noted on various reproductive parameters during gestation and lactation, including postnatal growth, 
functional behavior and reproductive ability of the offspring, at doses of 586 mg/kg/day or less 
NURSING MOTHERS Low concentrations of ceftriaxone are excreted in human milk. Caution should be 
exercised when Rocephin is administered to a nursing woman 

PEDIATRIC USE. Satety and eftectiveness of Rocephin in neonates, infants and children have been 
established for the dosages described in the Dosage and Administration section. 

ADVERSE REACTIONS: Rocephin is generally well tolerated. In clinical tnals, the following adverse reac 
tions, which were considered to be related to Rocephin therapy or of uncertain etiology, were observed 
LOCAL REACTIONS —pain, induration or tenderness at the sie of injection (1%) Less frequently reported 
(less than 1%) was phlebitis after IV admunistration 

HYPERSENSITIVITY —rash (1.7%). Less trequently reported (less than 1%) were pruritus, fever or chills. 
HEMATOLOGIC —eosinophilia (6%), thrombocylosis (5.1%) and leukopenia (21%). Less frequently 
reported (less than 1%) were anemia, neutropenia, lymphopenia. thrombocytopenia and prolongation of 
the prothrombin time 

GASTROINTESTINAL —diarrhea (2 7%). Less frequently reported (less than 1%) were nausea or vomiting, 
and dysgeusia 

HEPATIC —elevations of SGOT (31%) or SGPT (3.3%) Less frequently reported (less than 1%) were 
elevations of alkaline phosphatase and bilirubin 

RENAL —elevations of the BUN (1.2%). Less frequently reported (less than 1%) were elevations of 
Creatinine and the presence of casts in the urine 

CENTRAL NERVOUS SYSTEM —headache or dizziness were reported occasionally (less than 1%) 
GENITOURINARY —monilasis or vaginitis were reported occasionally (less than 1%) 

MISCELLANEOUS —diaphoresis and flushing were reported occasionally (less than 1%) 

Other rarely observed adverse reactions (less than 0.1%) include leukocytosis, lymphocytosis, mono 
cytosis, basophilia, a decrease in the prothrombin time, jaundice. glycosuria, hematuria, bronchospasm, 
serum sickness, abdominal pain, colitts, flatulence, dyspepsia, palpitations and epistaxis 

DOSAGE AND ADMINISTRATION: Rocephin may be administered intravenously or intramuscularly The 
usual adult daily dose is 1 to 2 gm given once a day (or in equally divided doses twice a day) depending on 
the type and severity of the infection. The total dar'y dose should not exceed 4 grams 

For the treatment of serious miscellaneous intections in children, other than meningitis, the recom 
mended total daily dose 1s 50 to 75 mg/kg (not to exceed 2 grams). given in divided doses every 12 hours 
Generally, Rocephin therapy should be continued for at least two days after the signs and symptoms of 
infection have disappeared. The usual duration is 4 to 14 days: in complicated infections longer therapy 
may be required 

In the treatment of meningitis, a daily dose of 100 ng/kg (not to exceed 4 grams), given in divided doses 
every 12 hours, should be administered with or without a loading dose of 75 mg/kg 

For the treatment of uncomplicated gonococcal infections, a single mtramuscular dose of 250 mg is 
recommended 

For preoperative use (surgical prophylaxis), a single dose of 1 gm administered 2 to 2 hours before 
surgery is recommended 

When treating infections caused by Streptococcus pyogenes, therapy should be continued tor at least 
ten days. 

No dosage adjustment is necessary for patients with imparment ot renal or hepatic function, however, 
blood levels should be monitored in patients with severe renal impairment (eg, dialysis patients) and in 
patients with both renal and hepatic dysfunctions 

HOW SUPPLIED: Rocephin (ceftriaxone sodium/Roche) is supplied as a sterile crystalline powder in glass 
vials and piggyback bottles. The following packages are available 

Vials containing 250 mg equivalent of ceftnaxone. Boxes of 10 (NDC 0004-1962-01) 

Vials containing 500 mg equivalent of ceftriaxone. Boxes of 10 (NDC 0004 1963-01) 

Vials containing 1 gm equivalent of ceftriaxone. Boxes of 10 (NDC 0004-1964-01) 

Piggyback bottles containing 1 gm equivalent of cettnaxone Boxes of 10 (NDC 0004-1964-03) 

Vials containing 2 gm equivalent of ceftriaxone. Boxes of 10 (NDC 0004-1965-01) 

Piggyback bottles containing 2 gm equivalent of ceftnaxone Boxes of 10 (NDC 0004 1965-03) 

Bulk pharmacy containers, containing 10 gm equivalent of ceftnaxone Boxes of 1 (NDC 0004-1971-01). 
NOT FOR DIRECT ADMINISTRATION 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 ® 





j ‘ 
622 —~ ae 


Archives of Surgery 


Copyright 1987 by the AMERICAN MEDICAL ASSOCIATION 


JUNE 1987 VOLUME 122 NUMBER 6 


Official Publication of the Western Surgical Association, 
Surgical Infection Society, New England Surgical Society, 
Society of Surgical Oncology 


Í F 
e EDITORIALS 
| en rrr ts RRND UMNNON MERON ee ois osaie os denen vu ed sane ccuuawnntibeeeddee oe... S 637 
| Benson B. Roe, MD, San Francisco 
| a WHET d n aa NE TA on is sn nig vide oe AA uh Me. eat 637 
| Ward O. Griffen, Jr, MD, PhD, Philadelphia 

i A ggteuie nee nazey E ee eC, E aaa eg O a a 639 


PAPERS READ BEFORE THE 94TH ANNUAL MEETING OF THE 
WESTERN SURGICAL ASSOCIATION, DEARBORN, MICH, NOV 16-19, 1986—Part II 


Palliation for Rectal Cancer: Resection? Anastomosis? ................. ecccce cee 640 
Manuel R. Moran, MD, Salamanca, Spain; David A. Rothenberger, MD, Minneapolis; 
Christopher J. Lahr, MD, Scott Air Force Base, Ill; John G. Buls, MD, Stanley M. Goldberg, MD, Minneapolis 
Resection of incurable rectal carcinoma provides satisfactory palliation. 


| Mortality and Morbidity of Gastric ‘Pull-up’ for Replacement of the Pharyngoesophagus 
Gerald T. Ujiki, MD; Gregory J. Pearl, MD; Stuart Poticha, MD: 
George A. Sisson, Sr, MD; Thomas W. Shields, MD, Chicago 
Initial results of reconstruction of esophageal continuity by a gastric tube 
following resection of the cervical esophagus were good. 


Operative treatment of ductal abnormalities may be necessary in some patients 
with pancreaticopleural fistulas. 


Pseudomembranous enterocolitis and nonspecific diarrhea produce 
significant morbidity in some patients with severe burns. 


Simultaneous Treatment of 
Chronic Pancreatitis and Pancreatic Pseudocyst 
John S. Munn, MD; Gerard V. Aranha, MD; 
Herbert B. Greenlee, MD; Richard A. Prinz, MD, Maywood, III 
Combined drainage of the pancreatic duct and a pseudocyst is safe and effective. 


Sympathectomy for Causalgia: Patient Selection and CN are ee SA on Se 668 
Mary B. Mockus, MD, PhD; Robert B. Rutherford, MD: 
Camilo Rosales, MD; William H. Pearce, MD, Denver 
Causalgia temporarily relieved by sympathetic nerve block is the most rewarding 
indication for sympathectomy. 


* Large-Artery Welding With a Milliwatt Carbon Dioxide Laser ............ 673 
Elizabeth M. Ashworth, MD, Michael C. Dalsing, MD, Indianapolis; 
John F. Olson, MD, Lebanon, Ind; William P. Hoagland, MD, 
Sally Baughman, Indianapolis; John L. Glover, MD, Royal Oak, Mich 
Suture-supported laser-welded anastomoses of large arteries 
were intact six weeks later. 
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Anne McCall, MD; A. M. Lawrence, MD, PhD: Edward Paloyan, MD, Maywood, III 
Children should receive suppressive doses of thyroxine prior to and after radiation therapy. 
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Management of Perforated Appendicitis in Children—Revisited .........................................00000 
Scott L. Samelson, MD, Herman M. Reyes, MD, Chicago 
Peritoneal irrigation, no intra-abdominal drains, and delayed primary wound closure 
are advocated during appendectomy for perforated appendicitis. 


Lymphocyte Function and Abdominal Operations: Trauma vs Elective WUE. os ss eas ten ieee 
David V. Feliciano, MD; Ronald B. O'Gorman, MD, PhD: Carmel G. Bitondo, PAC; 
Pamela A. Cruse, PAC; Randall H. Matthews, MD, PhD: Kathleen S. Matthews, PhD, Houston 
Lymphocyte function is depressed following abdominal operations for trauma 
but not following elective abdominal operations. 


Repeated Laparotomy for Postoperative Intra-abdominal Sepsis: 
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John A. Butler, MD; Jason Huang; Samuel E. Wilson, MD, Torrance, Calif 
CT scanning followed by percutaneous aspiration of 
suspicious collections is recommended. 
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Jonathan R. Hiatt, MD; Jo Carol Hiatt, MD; 
George F. Sieffert, MD; Wesley S. Moore, MD, Los Angeles 
Fibrinolytic activity is depressed at endarterectomy site initially but returns to normal at 24 hours. 


The Significance of the Variant Left Accessory 
Hepatic Artery in Surgery for Proximal Gastric Cancer ©... cccceccce 
Alexander S. Lurie, DMedSci, Kaliningrad, USSR 
In seven of 768 patients having a gastric resection, ligation of a large left 
accessory hepatic artery resulted in the need for left hepatic lobectomy. 
Invited Editorial Comment by Lloyd M. Nyhus, MD, Chicago 


The Effect of Preoperative Internal and External Biliary Drainage on Mortality of Jaundiced Rats ................ 
Dirk J. Gouma, MD; Julio C. U. Coelho, MD, PhD; 
Jerry F. Schlegel; Yong F. Li, MD; Frank G. Moody, MD, Houston 
The mortality following abdominal infection was decreased by internal but not external biliary drainage. 
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Like TPN, VIVONEX’ T.E.N. is truly elemental for rapid return 
to positive nitrogen balance. 








in a controlled study of 20 major abdominal surgery patients on either TPN or 
VIVONEX T.E.N., the change in mean nitrogen balance was as follows’: 


GE Patients on TPN 


GM Patients on 
VIVONEX T.E.N. 
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Day 1 Day 2 Day 3 Day 4 Day 5 


VIVONEX“ 


The benefits of 
ola Wo TPN, enterally... 
“ TOTAL ENTERAL at a fraction 
= NUTRITION) of the cost. 








1. Bower RH, Talamini MA, Sax HC, Norwich Eaton 
et al: Postoperative enteral vs parenteral Norwich Eaton Pharmaceuticals. Inc 
nutrition: A randomized controlled trial Norwich, New York 13815-0231 
Arch Surg 1986; 121: 1040-1045. © 1986 NEPI A Procter & Gamble Company 
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Dear Colleague: 


During its April meeting, the AMA Board of Trustees voted 
unanimously to establish new circulation criteria for the Associa- 
tion's nine specialty journals. These criteria are designed to 
enhance the value and readership of the journals within the special- 
ties of medicine that they address, while at the same time building 
additional financial support for these publications. 








Beginning in January, 1988, each specialty journal will be 
distributed to physicians in practice, residents in training, and to 
teachers, researchers, and administrators in the specialty addressed 
by that journal, regardless of their membership status. This change 
will increase the value of these publications to their target special- 
ties, and it will also give the Association an opportunity to expand 
each journal's base of support through increased advertising and 
subscription revenue. 


We intend to use this increased support to improve the quality of 
these publications over time through the addition of editorial pages, 
improvement in paper quality, and improved graphic design. This 
change will also avoid the need to divert resources from other AMA 
programs and activities to supplement ongoing operations and planned 
improvements. In view of the fact that the Association does not pub- 
lish a journal for every specialty, we believe that the individual 
journals should be largely self-supporting without substantial 
reliance on dues support. 





The new Key Objective adopted by the AMA recognizes the need to 
continue to provide high-quality scientific information to physicians, 
but it also recognizes that this must be done on a cost effective 
basis. Our research shows that our publications are well read and 
that physicians use journals as their primary source of continuing 
medical education. We believe that this new circulation policy 
responds to physician needs, assures our journals of strong support 
for ongoing operations and enhancements, and reduces the need for 
additional dues allocations to support our publishing commitment. 





Sincerely, 


ı Oltina, th M, 


James H. Sammons, M.D. 
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Instructions for Authors 


Manuscripts are to be sent by first-class mail to the 
Editor, Arthur E. Baue, MD, Archives of Surgery, St 
Mary’s Health Center, 6420 Clayton Rd, St Louis, MO 
63117. The procedures listed must be followed carefully and 
all materials requested must be enclosed for prompt review 
and consideration for publication in the Archives of Sur- 
gery. Use the checklist to ensure completeness. 

Manuscript Preparation.—The original typescript and 
two high-quality copies of the entire manuscript must be 
submitted, including copies of all illustrations, legends, ta- 
bles, and references. All copy, including references, leg- 
ends, and tables, must be typed double-spaced on 8% x 11-in, 
heavy-duty white bond paper. Margins must be at least lin. If 
a word processor is used, do not use justified right margins. 

Abstract.—Submit an abstract (135-word maximum) of 
the manuscript, which must include a statement of the 
problem, methods of study, results, and conclusions. The 
synopsis-abstract replaces a summary or conclusions. 

Copyright.—A copyright release form signed by all 
authors of manuscripts, brief communications, and corre- 
spondence is required by the Copyright Revision Act of 
1976. The following statement, dated and signed by all 
authors, may be used: “In consideration of the American 
Medical Association’s taking action in reviewing and 
editing my submission, the author(s) undersigned 
hereby transfers, assigns, or otherwise conveys all copy- 
right ownership to the AMA in the event that such work is 
published by the AMA.” 

Financial Interest.—List all affiliations with or finan- 
cial involvement in any organization or entity with a direct 
financial interest in the subject matter or materials of the 
research discussed in the manuscript (eg, employment, 
consultancies, stock ownership). All such information will 
be held in confidence during the review process. Should the 
manuscript be accepted, the Editor will discuss with the 
author the extent of disclosure appropriate for publication. 

References.—References should be listed in consecutive 
numerical order as they are cited in the text, not alpha- 
betically. Once a reference is cited, all subsequent citations 
should be to the original number. All references must be 
cited in the text or tables. Unpublished data and personal 
communication may not be listed as references. References 
to journal articles should include (1) authors, (2) title, (3) 
journal name as abbreviated in Index Medicus, (4) year, (5) 
volume number, and (6) inclusive page numbers—in that 
order. References to books should include (1) authors, (2) 
chapter title, if any, (8) editor, if any, (4) title of book, (5) 
year, (6) city, and (7) publisher. Volume and edition num- 
bers, specific pages, and name of translator should be 
included when appropriate. The author is responsible for 
the accuracy and completeness of the references and for 
their correct text citation. 

Author Responsibility.—One author must be desig- 
nated corresponding author, with his or her address and 
telephone number provided. All correspondence and copy 
editing are sent to this author. The corresponding author 
will receive an edited typescript rather than galley proofs 
for approval. The authors are responsible for all statements 
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in their work, including changes made by the copy editor. 
Order reprints at the time the typescript is returned after 
editorial processing. Specify the address to which requests 
for reprints should be sent. 

Titles.—The title must be short, specific, and clear. It 
cannot exceed 42 characters per line, including punctuation 
and spaces, and is limited to two lines. The title page should 
include the full names and academic affiliations of all 
authors. If the manuscript was presented at a meeting, 
indicate the name of the organization, the place, and the 
date on which it was read. 

Metrication (and SI Units).—All measurements must 
be in metric units, with Systéme International (SI) unit 
equivalents given parenthetically, in accordance with AMA 
policy. 

Illustrations.— Use only illustrations that clarify and 
augment the text. Submit illustrations in triplicate, un- 
mounted and untrimmed. Do not send original artwork. 
Send high-contrast glossy prints (not photocopies). Figure 
number, name of senior author, and arrow indicating “top” 
should be typed on a gummed label and affixed to the back of 
each illustration. All lettering must be legible after reduc- 
tion to column size. Artwork submitted for publication may 
be relettered to achieve uniformity of lettering style 
throughout the journal. Illustrations should preferably be 
in a proportion of 5x 7 in. Color illustrations are accepted 
for publication if the editors believe that color will add 
significantly to the published manuscript. The ARCHIVES 
will pay only part of the expense of color reproduction and 
printing color illustrations. The author’s share of the ex- 
pense is $400 for up to six square finished illustrations that 
can be arranged on a one-page layout. Any additional 
illustrations or special effects will be billed to the author at 
cost. Positive color transparencies (35-mm preferred) must 
be submitted for an evaluation. Do not send color prints 
unless accompanied by original transparencies. 

Legends.—Legends must be typed double-spaced, be- 


CHECKLIST FOR AUTHORS 


Send: 

e Three copies of manuscript. 

è Three copies of synopsis-abstract. 

e Three copies of attached photographs, legends, 
tables, and/or illustrations clearly marked as 
described in the instructions. 

e A copyright release statement signed by all 


authors. 
è The address and telephone number of the desig- 
nated corresponding author. 
è Send to Arthur E. Baue, MD 
Archives of Surgery 
St Mary’s Health Center 
6420 Clayton Rd 
St Louis, MO 63117 
e Use sufficient postage. 





Instructions for Authors 


ginning on a separate sheet of paper. Length is limited to a 
maximum of 40 words. 

Tables.—Each table must be typed double-spaced, in- 
cluding all headings, on a separate sheet of 8% x 11-in paper. 
Do not use larger-size paper. If a table must be continued, 
use a second sheet and repeat all heads and stubs. Each 
table must have a title. 

Manuscript Acceptance.—Manuscripts are received 
with the understanding that they are not under simul- 
taneous consideration by another publication. Accepted 
manuscripts become the permanent property of the AR- 
CHIVES and may not be published elsewhere without per- 
mission from the publisher (AMA). 


OTHER INFORMATION 


Brief Clinical Notes.—The ARCHIVES welcomes the 
submission of Brief Clinical Notes for review. These are 
generally reports of cases that provide a new or unique 
contribution and are to consist of no more than 400 words, 
two references, and one illustration. The synopsis-abstract 
may not exceed 80 words. 

Correspondence and Brief Communications.—The 
Editor is pleased to receive letters that pertain to material 
published in the ARCHIVES as well as brief communications 
concerning other matters of interest to our readers. An 
interesting case may be published as a brief communication. 
Such contributions should be 250 words or less, typewrit- 
ten, double-spaced without an abstract, and clearly marked 
“for publication.” No more than two references are permit- 
ted and illustrations or tables are acceptable only when 
essential to the message. 
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FOURTEENTH ANNUAL 
SYMPOSIUM ON CURRENT CRITICAL 
PROBLEMS IN VASCULAR SURGERY 


WALDORF-ASTORIA HOTEL 


This year Our symposium will again address the current 
state of the art in vascular surgery and vascular radiology. 
We will also focus on New Horizons or areas into which 
vascular surgeons and angiographers may expand their activ- 
ities. Our course will deal with material that is essential 
knowledge for the vascular surgeon and radiologist who 
wishes to keep his practice consistent with all that is new 
and important. The latest significant advances, changing 
concepts in diagnosis and management, pressing controver- 
sies and new techniques, agents and diagnostic modalities 
are the CRITICAL PROBLEMS AND NEW HORIZONS IN 
VASCULAR SURGERY that will be covered in depth. The 
course will also provide a number of important updates and 


For further information contact: Office of Continuing Medical Education 


Albert Einstein College of Medicine / Montefiore Medical Center 


5301 Bainbridge Avenue, Bronx, New York 10467 (212) 920-6674 


News and Announcements.—Brief notices may be sub- 
mitted of meetings, seminars, or symposiums that are of 
interest to surgeons. 

Acknowledgments.—Illustrations from other publica- 
tions must be acknowledged. Include the following when 
applicable: authors, title of article, title of journal or book, 
volume number, pages, month and year. The publisher's 
permission to reprint must be submitted to the ARCHIVES 
when the manuscript has been formally accepted. 

Statistical Review.— Manuscripts containing statistical 
evaluation should include the name and affiliation of the 
statistical reviewer. 

Informed Consent.— Manuscripts reporting the results 
of experimental investigations on human subjects must 
include a statement to the effect that informed consent was 
obtained after the nature of the procedure(s) had been fully 
explained. 

Reference to Patients.—Patients should be referred to 
by number or, in anecdotal reports, by fictitious given 
names. Real names or initials must not be used in the text, 
tables, or illustrations. 

Photographic Consents.—A letter of consent must ac- 
company all photographs of patients in which a possibility of 
identification exists. It is not sufficient to simply cover the 
eyes to mask identity. 

AMA Manual for Authors & Editors.—This 1981 edition, 
formerly the Stylebook/Editorial Manual of the AMA, is 
available from Prentice Hall, Inc, 200 Old Tappan Rd, Old 
Tappan, NJ 07675. Single copy price: $15. A shipping charge 
is added on all orders. If additional ordering information is 
needed, telephone 1-800-223-1360. 








FACULTY AND REGISTRANTS 

More than sixty distinguished surgeons and radiologists 
from the United States and Europe will share their insights 
with an audience of leading surgeons and radiologists in 
their own right. This combination of registrants and 
faculty -and the fast paced 15 minute presentations, 
panels, and workshops- are the key elements which, year 
after year, make the SYMPOSIUM uniquely valuable and 
exciting. 


SOCIAL EVENTS 

Special daytime seminars and museum and gallery visits 
for accompanying members, and evening performances in 
the theatres and concert halls for which New York is 
famous, will be scheduled. A luncheon and reception at the 
Waldorf Astoria Hotel is also included this year. 


REGISTRATION 

Telephone or write to register or for a complete brochure. 
Tuition: $495.00 for practicing physicians; $395.00 fellows 
and residents. 
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June “Cardiology Update” 

Join Dr. Swan and guests for programs 
on cardiac rehabilitation in 

coronary artery disease and the use 

of laser angioplasty in the treatment 

of coronary artery disease. 


June 28th “Physicians Journal Update” 


Hosted by Dr. Swan, this special episode 
focuses on advances in the 
treatment of myocardial infarction. 


Find us on the network 
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and Regis Philbin- 
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The Crisis: 


Patient enters E.R. with board- 
like rigidity of abdomen and 
severe belly pain. 


The Decision: 

Medical history suggests 
ruptured diverticulum and 
resultant fecal spillage into 
peritoneal cavity. 


The Signs, Symptoms, 
Lab Results: 

60-year-old male, “shocky” 
appearance, hypotensive, febrile 


rebound pain, WBC 25,000/ 
neutrophils predominant 


The Decision: 


Administer antibiotic 
Patient to O.R. 
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The Antibiotic: The Surgery: 
Should cover mixed aerobic/ Bowel resection, end-to-end 
anaerobic pathogens found in anastomosis. 
the abdomen, should be active 
against B. fragilis and gram- 
negative enteric organima 
g'and should be geek soe i 


Cefizox 


ceftizoxime sodium 
e Offers b.i.d. dosingt 


e Excellent clinical results’ 
in intra-abdominal infections” 
compared to Mefoxin” 
(cefoxitin/MSD})' 


e Excellent safety profile 
— so f Furnsaive SmithKline : 
+ SIs EE e Low comparative cost" 


Division of SmithKline Bec n Corp 


The Decision: 
Cefizox®, 2 g. IV q12ht 
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 Cefizox 


sterile ceftizoxime sodium 
and ceftizoxime sodium injection 


Before prescribing, see complete prescribing information in SK&F literature or PDR The 
following is a brief summary. 

INDICATIONS 

‘Cefizox’ is indicated in the treatment of infections due to susceptible strains of the micro- 
organisms listed below: 

LOWER RESPIRATORY TRACT INFECTIONS caused by Streptococcus sp. including S. 
pneumoniae (formerly D. pneumoniae), but excluding enterococci; Klebsiella sp.; Proteus mir- 
abilis; Escherichia coli; Haemophilus influenzae including ampicillin-resistant strains; Staphy- 
lococcus aureus (penicillinase and nonpenicillinase producing); Serratia sp.; Enterobacter sp.; 
and Bacteroides sp. 


URINARY TRACT INFECTIONS caused by Staphylococcus aureus (penicillinase and non- 
penicillinase producing); Escherichia coli; Pseudomonas sp. including Ps. aeruginosa; Proteus 
mirabilis; P vulgaris; Providencia rettgeri (formerly Proteus rettgeri) and Morganella morganii 
(formerly Proteus morganii); Klebsiella sp.; Serratia sp. including S. marcescens; Enterobacter sp. 
GONORRHEA. Uncomplicated cervical and urethral gonorrhea caused by Neisseria gonorrhoeae. 


INTRA-ABDOMINAL INFECTIONS caused by Escherichia coli; Staphylococcus epidermidis; 
Streptococcus sp. (excluding enterococci); Enterobacter sp.; Klebsiella sp.; Bacteroides sp. 
including B. fragilis; and anaerobic cocci, including Peptococcus sp. and Peptostreptococcus sp. 
SEPTICEMIA caused by Streptococcus sp. including S. pneumoniae (formerly D. pneumoniae), 
but excluding enterococci; Staphylococcus aureus (penicillinase and nonpenicillinase produc- 
ing); Escherichia coli; Bacteroides sp. including B. fragilis; Klebsiella sp.; and Serratia sp. 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staphylococcus aureus (penicillinase 
and nonpenicillinase producing); Staphylococcus epidermidis; Escherichia coli: Klebsiella 

sp.; Streptococcus sp. including Streptococcus pyogenes (group A beta-hemolytic), but excluding 
enterococci; Proteus mirabilis; Serratia sp.; Enterobacter sp.; Bacteroides sp. including B. 
fragilis; and anaerobic cocci, including Peptococcus sp. and Peptostreptococcus sp. 

BONE AND JOINT INFECTIONS caused by Staphylococcus aureus (penicillinase and non- 
penicillinase producing); Streptococcus sp. (excluding enterococci); Proteus mirabilis; Bacteroides 
sp.; and anaerobic cocci, including Peptococcus sp. and Peptostreptococcus sp. 

MENINGITIS caused by Haemophilus influenzae. ‘Cefizox’ has also been used successfully 

in the treatment of a limited number of pediatric and adult cases of meningitis caused by Strep- 
tococcus pneumoniae. 


‘Cefizox’ has been effective in the treatment of seriously ill, compromised patients, including 
those who were debilitated, immunosuppressed or neutropenic. 

Many infections caused by aerobic gram-negative organisms and by mixtures of organisms 
resistant to other cephalosporins, aminoglycosides, or penicillins respond to treatment with 
‘Cefizox’. 


Because of the serious nature of some urinary tract infections due to Ps. aeruginosa and 
because many strains of Pseudomonas species are only moderately susceptible to ‘Cefizox’, higher 
dosage is recommended. Other therapy should be instituted if the response is not prompt. 
Susceptibility studies on specimens obtained prior to therapy should be used to determine the 
response of causative organisms to ‘Cefizox’. Therapy with ‘Cefizox’ may be initiated pending results 
of the studies; however, treatment should be adjusted according to study findings. In serious 
infections ‘Cefizox’ has been used concomitantly with aminoglycosides (see Precautions). Before 
using ‘Cefizox’ concomitantly with other antibiotics, the prescribing information for those 
agents should be reviewed for contraindications, warnings, precautions and adverse reactions. 
Renal function should be carefully monitored. 


CONTRAINDICATIONS 

‘Cefizox’ is contraindicated in persons who have shown hypersensitivity to cephalosporin 
antibiotics. 

WARNINGS 

BEFORE THERAPY WITH ‘CEFIZOX’ IS INSTITUTED, CAREFUL INQUIRY SHOULD 

BE MADE TO DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSEN- 
SITIVITY REACTIONS TO CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. 
THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE PA- 
TIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT 
WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. 
SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 
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Pseudomembranous colitis has been reported with the use of cephalosporins (and other 
broad-spectrum antibiotics); therefore, it is important to consider its diagnosis in patients who 
developed diarrhea in association with antibiotic use. Treatment with broad-spectrum antibiotics 
alters normal flora of the colon and may permit overgrowth of Clostridia. Studies indicate a 
toxin produced by Clostridium difficile is one primary cause of antibiotic-associated colitis. 
Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. Mild cases of 
colitis may respond to drug discontinuance alone. Moderate to severe cases should be managed 
with fluid, electrolyte and protein supplementation as indicated. When the colitis is not relieved 
by drug discontinuance or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C. difficile. Other causes of colitis 
should also be considered. 

PRECAUTIONS 

General: As with all broad-spectrum antibiotics, ‘Cefizox’ should be prescribed with caution in 
individuals with a history of gastrointestinal disease, particularly colitis. 

Although ‘Cefizox’ has not been shown to produce an alteration in renal function, renal status 
should be evaluated, especially in seriously ill patients receiving maximum dose therapy. As 
with any antibiotic, prolonged use may result in overgrowth of nonsusceptible organisms. Care- 
ful observation is essential; appropriate measures should be taken if superinfection occurs. 
Drug Interactions: Although the occurrence has not been reported with ‘Cefizox’ nephrotox- 
icity has been reported following concomitant administration of other cephalosporins and 
aminoglycosides. 

Pregnancy: (Category B.) Reproduction studies have been performed in rats and rabbits and 
have revealed no evidence of impaired fertility or harm to the fetus due to ‘Cefizox’. There are, 
however, no adequate and well-controlled studies in pregnant women. Because animal reproduc- 
tion studies are not always predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Labor and Delivery: Safety of ‘Cefizox’ use during labor and delivery has not been established. 


Nursing Mothers: ‘Cefizox’ is excreted in human milk in low concentrations. Caution should be 
exercised when ‘Cefizox’ is administered to a nursing woman. 

Infants and Children: Safety and efficacy in infants from birth to six months of age have not been 
established. In children six months of age and older, treatment with ‘Cefizox’ has been associated 
with transient elevated levels of eosinophils, SGOT, SGPT and CPK (creatine phosphokinase). 
The CPK elevation may be related to I.M. administration. 


ADVERSE REACTIONS 

Ceftizoxime is generally well tolerated; the most frequent adverse reactions (greater than 1%, but 
less than 5%) are: Hypersensitivity—Rash, pruritus, fever. Hepatic—Transient elevation in SGOT, 
SGPT and alkaline phosphatase. Hematologic—Transient eosinophilia, thrombocytosis. 

Some individuals have developed a positive Coombs test. Loca/—Injection site—Burning, 
cellulitis, phlebitis with I.V. administration, pain, induration, tenderness, paresthesia. 


Less frequent adverse reactions (/ess than 1%) are: Hypersensitivity—Numbness has been 
reported rarely. Hepatic—Elevation of bilirubin has been reported rarely. Renal—Transient eleva- 
tions of BUN and creatinine have been occasionally observed with ceftizoxime. Hematologic— 
Anemia, leukopenia, neutropenia and thrombocytopenia have been reported rarely. 
Genitourinary—Vaginitis has rarely occurred. Gastrointestinal—Diarrhea; nausea and vomiting 
have been reported occasionally. Symptoms of pseudomembranous colitis can appear during 
or after antibiotic treatment. (See Warnings.) 

HOW SUPPLIED 

Cefizox (sterile ceftizoxime sodium, FSK) is supplied in vials equivalent to 1 gram or 2 grams of 
ceftizoxime; in “Piggyback” Vials for I.V. admixture equivalent to 1 gram or 2 grams of ceftizoxime. 


Cefizox (ceftizoxime sodium injection, FSK) as a frozen, sterile, nonpyrogenic solution in 
plastic containers—supplied in 50 ml. single-dose containers equivalent to 1 gram or 2 grams of 
ceftizoxime, in 5% Dextrose (D5W). Do not store above -20°C. 

‘Cefizox’ supplied as a frozen, sterile, nonpyrogenic solution in plastic containers is manufactured 
for Fujisawa SmithKline Corporation by Travenol Laboratories, Inc., Deerfield, IL 60015. 


BRS — CF:L14 ae 
© Smith Kline &French Laboratories, 1987 
Division of SmithKline Beckman Corporation 


1. Lou, M.A., et al.: Comparative evaluation of ceftizoxime and cefoxitin in 
the treatment of intraabdominal infections, 14th Internat. Congr. Chemother., 
Kyoto, Japan, June 1985, pp. 2378-2379. 

* Due to susceptible strains of indicated organisms. 

T The usual adult dose for Cefizox® in severe infections is 2 g.q12-8h. 

Fin all but life-threatening infections. 
Satisfactory clinical response was based upon daily physical 
examinations and laboratory test monitoring; no differentiation 
between cure and improvement was made. 

II Based on wholesaler’s price per gram + 5% and on recom- 
mended dosing for severe infection. 


Manufactured for 

Fujisawa SmithKline Corporation 
Distributed by 

SK&F Laboratories 

Division of SmithKline Beckman Corp. 
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Editorials 


Specialization 
Competence vs Expertise 


urgical leaders have expressed concern that excessive 
“fragmentation” of our profession into specialties and 
subspecialties threatens to destroy surgical unity and im- 
portant traditional values. 
_ From the days of Halsted surgical training has encom- 
passed all aspects of the human anatomy. In keeping with 
that tradition it has characteristically been a group of 
general surgeons who provided the energy and imagination 
to pioneer the development of each new specialty segment 
of surgery. Not surprisingly these accomplished general 
surgeons usually chose not to abandon the rest of their 
practice and resisted measures to identify the new specialty 
separately from the parent discipline. 

That posture, I believe, is detrimental to progress and 
quality. The explosion of technical and informational knowl- 
edge in the realm of general surgery and its closely allied 
subspecialties now exceeds the capability of any individual 
to absorb and apply all of it expertly. It behooves us to 
examine whether the format and objectives of training in 
general surgery are keeping pace with reality. Is it realistic 
to expect this training to produce more than a basic 
competence in the broad spectrum of surgery? Can it really 
develop expertise in some or all aspects of surgery? 

When surgeons initially sought to identify the field of 
surgery as a specialty within general medicine, it was 
argued that this first major branch had become larger than 
the entire original “tree.” An individual could no longer 
master the whole of medical practice and it was appropriate 
that he or she concentrate on becoming expert in one 
(surgical) branch, while retaining basic competence as a 
physician. 

Subsequent dramatic growth of that tree has made its 
secondary, and even tertiary, branches bigger than the 
original tree. Why is it now not appropriate to apply to 
subspecialization the same arguments that spawned the 
primary surgical specialty three quarters of a century ago? 
If quality is our objective, how can we turn our backs on the 
fact that concentrated attention and experience are the 
principal sources of that quality? 
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Confidence is an important hallmark of surgeons, so it is 
not surprising that some still believe that their expertise 
has expanded to match the growth of the tree. The special- 
ist, on the other hand, acknowledges his or her limitations 
and chooses to identify with a sector that he or she can 
reasonably master. To his or her base of surgical compe- 
tence, he or she added expertise in a selected area. Even asa 
surgeon considers himself or herself a good physician—and 
something more—so now is it appropriate for a specialist to 
be a good (general) surgeon—and something more. 

Surgical training today should provide a basic compe- 
tence in surgical diagnosis, technique, and management 
that will equip an individual to deal effectively with funda- 
mental problems in the broad spectrum of surgery. The 
well-trained surgeon should be capable of utilizing that 
competenee—beyond his or her area of expertise—to per- 
form operations and manage problems that he or she was 
not specifically taught and to explore new pathways when 
the opportunity arises. 

In the present competitive climate of a sophisticated 
urban medical community, however, a surgeon is well ad- 
vised to concentrate his or her everyday activity in the 
sphere in which he or she has achieved sufficient expertise 
to provide patients with the highest available standard of 
care. 

As in any marketplace, the “general store” will lose—or 
sometimes even find it necessary to send—customers to a 
source of special supply. The extent to which the specialist 
is sought, in medical care as well as in nuts and bolts—is 
influenced by factors such as convenience, cost, extraordi- 
nary requirements, and customer perception. 

We must acknowledge the difference between compe- 
tence and expertise. In so doing we must support well- 
motivated efforts to identify qualifications in new areas of 
such expertise when they become properly defined. Such a 
behavior will serve the best interests of both the patient and 
the profession. 

BENSON B. Rog, MD 
San Francisco 


Specialization Within General Surgery 


eee and all ofits parts are experiencing an informa- 
tion explosion. Technologic advances are permitting 
scientists to probe ever deeper into cellular mechanisms so 
that a more complete understanding of organ function can 
be obtained. Other technologic advances have produced a 
vast array of diagnostic tools that permit the clinician to be 
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much more precise in ascertaining what is wrong with the 
patient. Moreover, some of the newly developed and evolv- 
ing equipment and techniques have led to the abandonment 
of some surgical procedures in favor of less invasive tactics. 
Patients expectations are high; they almost expect to have a 
diagnosis made by a fancy machine and then to have the 
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illness, even a surgical illness, cured without resorting to an 
operation. Is it little wonder that the young surgeon 
seriously considers narrowing his or her field (and hence 
what is expected of the surgeon) by specialization? 

There are those who maintain that this is a good trend. 
Surgeons who limit themselves to a single field within 
general surgery will perform a limited variety of surgical 
procedures, but in vast numbers, so that the patient will 
receive high-quality care because of the surgeon’s “exper- 
tise.” This view has been clearly espoused in the preceding 
editorial by Dr Benson Roe in this issue of the ARCHIVES. 
There are other reports in the literature that would cer- 
tainly substantiate the concept that the more often you 
perform a procedure, the more likely it is to go well. 

However, there is another viewpoint in this matter. It 
might be termed the bicycle hypothesis. Once you learn how 
to ride a bicycle thoroughly and expertly, you can ride it 
again at any time in your life, no matter how many days, 
months, or years may elapse between attempts. After not 
riding for a time, you may be a little shaky when you first 
climb on the bicycle, and a bit timid at proceeding at a fast 
pace, but you remember and recall the correct moves so that 
you become proficient again shortly. This may well be true 
of surgical procedures. If a surgeon learns to perform a 
procedure in a proper manner and does a sufficient number 
of those procedures, eg, during the residency and early 
practice years, then he or she can do that particular 
procedure well throughout his or her surgical lifetime. If, 
after a lapse of several years, a surgeon performs a given 
procedure, it may not be performed as quickly as when the 
surgeon was doing many such procedures, but it will be 
done correctly and within a reasonable period of time. After 
several repetitions, the surgeon will be performing as well 
as he or she did before. There are many articles in the 
literature that would substantiate this particular view- 
point.’ In fact, in one such article,‘ the following conclusion 
is reached: “It appears that carotid endarterectomy in a 
community hospital is a safe procedure . . . this safety is not 
predicated on frequency of the performance of operation, 
but appears to be directly related to the adequacy of initial 
training.” 

With regard to the performance of operative procedures, 
the key issue really is: How many procedures must a 
surgeon perform each year to remain facile in that proce- 
dure? In vascular surgery, both Wiley and DeWeese’ opined 
that roughly 70 procedures a year should be sufficient to 
train a vascular surgeon, as well as maintain competence.’ 
In cardiac surgery, the Veterans Administration has de- 
cided that 200 open heart procedures per year are necessary 
to maintain competence. No such numbers have been 
established for the more common operations, such as hernia 
repair, appendectomy, cholecystectomy, or hysterectomy. 
It is quite likely that ten appendectomies a year are 
sufficient to maintain competence in appendix removal. 

The fundamental principal underlying this particular 
viewpoint is a sound educational background. Surgeons, 
taught properly, certified in their cognitive and technical 
skills in some fashion, and recertified in the fact that they 
have continued to keep abreast of their field, will perform 
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surgical procedures well throughout their careers. In con- 
trast, surgeons improperly grounded in the fundamentals, 
whether certified or not, will continue to perform poorly. A 
number of memorable quotes, published and unpublished, 
will make the point well. As a resident, I vividly remember 
operating with a well-regarded and very knowledgeable 
faculty member on a patient who required revision of a 
gastric resection. Sometime during the procedure, the 
faculty member said that the previous surgeon “had done 
500 gastrectomies, all of them wrong.” That particular 
surgeon had never been taught properly. Another quotation 
regarding benign bile duct strictures asserts that “These 
injuries usually occurred during the removal of the so-called 
‘easy’ gallbladder.” Discussing the same problem, another 
famous surgeon stated that “The surgeon most likely to 
injure a common duct is one who has done 1000 cholecystec- 
tomies and is late for a golf game.” This surgeon had learned 
well but was allowing other interests to influence surgical 
judgment and technique. 

There is another danger in superspecialization. As one’s 
field is narrowed, one may come up with another gimmick or 
observe an interesting phenomenon in the field. However, it 
is unlikely that the extremely focused specialist will do 
much to advance the knowledge in the overall discipline of 
surgery. To quote another medical savant: “The incessant 
concentration of thought upon one subject, however inter- 
esting, tethers a man’s mind in a narrow field.” It is the 
generalist, the surgeon with a broad background and a 
broad view of the entire field of surgery, who is more likely 
to make outstanding discoveries in the discipline. In this 
time of arid surgical research, such broad visionaries are 
sorely needed. 

Finally, what will happen to the patient who is managed 
by multiple surgical superspecialists? If the abdomen is 
opened for suspected appendicitis, but a carcinoma of the 
right colon is discovered that involves the ureter, the 
inferior vena cava, and the uterus, will the surgeon then be 
obliged to call in a urologist, a vascular surgeon, a surgical 
oncologist, and a gynecologist? Wouldn’t it be better if the 
surgeon opening the abdomen had been trained sufficiently 
to manage all of those difficulties and do it well? There is a 
place for the general surgeon, and there always will be, but 
he or she must be adequately educated in the knowledge and 
skills of the discipline. 

WARD O. GRIFFEN, JR, MD, PHD 
Philadelphia 
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Fragmentation and Specialization 


he concerns registered by Dr Roe in this issue of the 
ARCHIVES continue a dialogue that has existed since 
1945. The decibels have been raised to a new level since 1980. 
Much of this is reflected in recent policy statements from 
the American College of Surgeons, the American Board of 
Surgery, and the American Surgical Association. Many 
surgeons not currently on the “organizational firing line” 
may not be aware of changes implemented by the Residency 
Review Committee and The American Board of Surgery. 
The branches and leaves of any tree grow and function 
only if there is vitality in the trunk. A nonviable tree cannot 
continue to pioneer the development of new specialties and 
techniques if the newly developed specialties become more 
parasitic than physiologic. I know of no division or sub- 
system in any biologic preparation that is larger than the 
original trunk. The very best of peripheral arterial vessels 


cannot deliver adequate oxygen to tissues in the absence of . 


an excellent cardiac pump. 

General surgery is not a discipline of exclusion. Though it 
has recently experienced a poor recognition, general sur- 
gery possesses a specific body of knowledge, serves special 
patient care needs, has a valid research record, and is a vital 
part of our undergraduate and graduate educational proc- 
esses. Expertise in general surgery lies in wound healing, 
surgical metabolism, nutrition, cardiopulmonary resuscita- 
tion, inflammation, infection, antimicrobial therapy, fluid 
and electrolyte balance, multiple trauma, and our interven- 
tion skills. General surgery continues to be the single 
“entry point” for surgeons in all of the surgical disciplines. 
Eight of the ten surgical disciplines require core general 
surgery training. General surgery continues to be the 
effective coordinator of undergraduate surgical teaching, 
often shouldering this burden alone, notwithstanding de- 
partmental fragmentation. 

The recurring theme of Dr Roe’s definition of general 
surgery is applicable to urban areas only. A need exists 
for the broadly based competent general surgeon in 
communities with populations of 40000 and under. These 
communities could not support specialists in neurosurgery, 
orthopedics, urology, surgical oncology, vascular surgery, 
surgical endocrinology, and so on. The competitive climate 
of the sophisticated (sophism: an argument apparently 
correct in form but actually invalid) urban environment is 
indeed a reality. However, multipurpose clinics, surgical 
groups, and university staff members are searching more 
and more for the broadly based, competent general sur- 
geon. 

The anticipated changes in funding for graduate medical 
education has provided an additional stimulus to modify 
surgical residency programs and produce a more relevant 
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product. Training beyond the period of original certification 
will require a careful development of added qualifications in 
the primary components of general surgery to avoid past 
mistakes. The time has arrived for us to consider whether 
or not our system is guilty of “past-pointing” in terms of 
superspecialization. 

Osler, 70 years ago, and Moore,’ 30 years ago, registered 
serious concern about fragmentation and specialization. 
Fragmentation is more transoperative than perioperative 
in its implementation. It is precisely the care of the total 
patient that has brought into question the long-term 
viability of specialization in surgery. Interestingly, internal 
medicine as a discipline within a medical school setting has 
avoided the evolution of numerous freestanding depart- 
ments. Division specialists in endocrinology, infectious 
disease, nephrology, cardiology, and so on, often take 
routine rotations on the general medicine service as consul- 
tants each year to keep their “core medicine skills” 
finely tuned, an idea that could neatly fit into general 
surgery! 

To add expertise (displaying special skill and knowledge 
of a particular subject) to basic general surgery competence 
(to be suitable; adequate ability) will require modifications 
in our current methods of training residents. These resi- 
dence experiences must increase in knowledge and oper- 
ative intensity. The monitoring of added qualifications 
(expertise) inevitably will be the responsibility of the 
Residency Review Committee and the American Board of 
Surgery. 

Finally, the secondary and tertiary branches, which have 
grown larger than the original trunk (general surgery), 
represent growth that is more commercial than physiologic, 
more transient than enduring. Are the surgical specialty 
segments now prepared to train medical students from 
ground zero and assume full responsibility for them in 
acquiring general surgery competence and specialty exper- 
tise, as has been so widely heralded? 

The maintenance of every tree trunk is assured each 
October when the leaves fall off the trees and the branches 
are trimmed back in the spring. With nourishment from the 
trunk, new branches and leaves come forth. Maybe tree- 
trimming time for the branches of general surgery is at 
hand! 

CLAUDE H. ORGAN, JR, MD 
Oklahoma City 
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Palhation for Rectal Cancer 


Resection? Anastomosis? 


Manuel R. Moran, MD; David A. Rothenberger, MD; Christopher J. Lahr, MD; 


John G. Buls, MD; Stanley M. Goldberg, MD 


èe There is no agreement regarding the proper management 
of patients with advanced carcinoma of the rectum. We per- 
formed a study to clarify whether palliative resection with or 
without primary anastomosis is worthwhile and safe. Among 
679 patients managed for cancer of the rectum, 125 were 
considered incurable and underwent palliative procedures. 
High and low anterior resections were performed in nine and 57 
cases, respectively, abdominoperineal resection in 26, 
Hartmann’s procedure in three, simple diverting colostomy in 
17, and transanal excision in 13. The overall postoperative 
mortality rate was 0.8%. Postoperative morbidity was 18% in 
abdominal operations and none in local excisions. Among 
patients treated by abdominal resections, only one required 
subsequent reoperation for colonic obstruction secondary to 
local recurrence. The median survival was 6.4 months for 
patients treated by diverting colostomy, 14.8 months for ab- 
dominally resected cases, and 14.7 months for transanal 
excisions. We conclude that palliative resection, often with 
primary anastomosis or local transanal excision, can be done 
safely in patients with incurable rectal cancer. We believe this 
approach improves the quality of the remaining life for these 
patients. 

(Arch Surg 1987;122:640-643) 


“Rpm carcinoma is the most frequent visceral malig- 

nancy in the United States. However, there are few 
reports in the literature regarding the proper management of 
patients with advanced carcinoma of the rectum. The present 
study, based on prospectively collected data from operations 
conducted by the Division of Colorectal Surgery of the 
University of Minnesota, Minneapolis, was performed to 
answer two questions: (1) Is palliative resection worthwhile or 
is the mortality and morbidity prohibitive? (2) Is it reasonable 
to do a primary anastomosis in a patient with incurable rectal 
cancer or does early obstructing pelvic recurrence develop, 
making that approach impractical? 
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PATIENTS AND METHODS 


Between 1977 and 1985, 679 patients were managed for carci- 
noma of the rectum. One hundred twenty-five patients (18%) were 
considered incurable and underwent palliative procedures. There 
were 65 women and 60 men. Ages varied between 35 and 90 years 
(mean + SD, 68.9 +12.7 years). Complete follow-up was achieved in 
115 patients (92%). Eighty-three patients were followed up until 
death. The mean follow-up was 13.8 months (SD, 13.7 months). 

Local invasion of any adjacent organ or of the pelvis not 
amenable to en bloc, curative resection was documented in 71 
cases. Local metastases affecting the peritoneum, mesentery, or 
omentum occurred in 86 patients. Sixty patients had liver involve- 
ment (54) or other distant metastasis (13) at presentation. In 
several instances more than one area of dissemination was present. 

Three patients were asymptomatic at presentation. The most 
outstanding clinical features were perineal, rectal, abdominal, or 
back pain in 37 cases, obstruction in 26, and perforation in five. 

The distance from the anal verge to the rectal cancer was 
8.7+5.4 em (mean+SD). A circumferential cancer was found 
in 40 cases and ulceration in 45. The average tumor size as 
recorded by the pathologist in a fixed specimen was 4.8 x 3.6 cm 
(SD, 2.2 x 1.7 cm). 

Histologically, 105 cancers were adenocarcinomas, six were 
mucinous adenocarcinomas, and four were villous tumors with 
invasive adenocarcinoma. There were eight well-differentiated, 46 
moderately well-differentiated, and 18 poorly differentiated tu- 
mors. Differentiation was not determined by the pathologist in the 
remaining patients. Eight tumors were still within the bowel wall, 
while all other tumors had penetrated the bowel wall. 

Abdominal operations were performed in 112 cases. Sixty-six 
patients underwent resection and primary anastomosis, including 
high (nine) and low (57) anterior resections. Resection and co- 
lostomy was performed in 29, the majority (26) being abdominal 
perineal resections and the remaining three, Hartmann’s proce- 
dures. Diverting colostomy alone was performed in only 17 pa- 
tients. Palliative local excision or fulguration was carried out in 13 
patients. The number of sessions varied between one and four 
(mean+SD, 1.6+1.1). 

Radiotherapy was used in the preoperative or postoperative 
periods in 36 cases. Twenty-three patients received subsequent 
chemotherapy (mainly fluorouracil). 

The BMDP software program was utilized. The Kaplan-Meier 
method was used as the statistical analysis to obtain the life tables 
of survival. The equality of the curves was tested with Mantel-Cox 
and Breslow statistics. 


RESULTS 
Early Postoperative Mortality 


Within the first 30 days after the operation, one patient 
treated with a low anterior resection suffered anastomotic 
leakage, sepsis, and death. 
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Postoperative Morbidity 


Morbidity in abdominal operations (Table 1) occurred in 
20 cases (18%). Five patients required reoperation due to a 
complication. All patients who underwent resection and 
anastomosis were continent. Morbidity following local ex- 
cisions was not observed. 

Two patients required late reoperation for recurrent 
disease. Colonic obstruction developed in one patient who 
underwent a low anterior resection. This was treated with 
transverse colostomy. Another patient required an abdomi- 
nal procedure after local excision. 


Survival 


Abdominal Operations.—Patients treated only by di- 
verting colostomy had worse survival when compared with 
surgically resected patients (P = .0003). The median times 
of survival were 6.4 and 14.8 months, respectively. The 
crude survival rates of both groups are represented in Fig 1. 
None of the patients in the first group survived more than 
27 months. Eleven percent of the patients who underwent 
resection were still alive after five years of follow-up. 

When a resection was performed, the type of operation 
did not result in any difference in survival. The median 
times of survival were 15.0 months for anterior resections 
and 12.3 months for abdominoperineal resections. 

Considering all 112 abdominal operations together, the 
median survival of all patients with distant metastasis 
(8.3 months) was shorter than that of those without distant 


Table 1.—Morbidity in 112 Abdominal Operations 


No. (%) of 
Morbidity 


Patients 
Abscess or wound infection 
Stoma stenosis/prolapse 












Bowel obstruction (adhesions) 2 (2) 
Prolonged ileus 2 (2) 
Anastomotic leak 1 (1)* 
Anastomotic stenosis 1 (1) 
Divided ureter 1 (1) 
Other (arrhythmia, pneumonia, cerebrovascular accident) 3 (3) 





Total 


*This patient subsequently died. 
tPercentages do not add to total because of rounding. 






Fig 1.—Crude survival rates of patients treated with palliative 
diverting colostomy (open circles) and palliative surgical resection 
(closed circles) (P= .0003). 
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metastasis (27.4 months) (P<.0001). Patients with only 
local metastasis had better survival (median, 37.0 months) 
than those with only local invasion (median, 11.9 months) 
(P=.01) or those with only distant metastasis (median, 
9.6 months) (P<.0001). 

Studying only the 95 cases treated by resection, there 
was no difference in the survival curves of patients with 
metastasis (local and/or distant) but without local invasion 
(median survival, 15.7 months) when compared with pa- 
tients with local invasion but no metastasis (median sur- 
vival, 13.6 months). However, the median survival of 
patients with only distant metastasis who underwent resec- 
tion (10.8 months) was less than the survival of patients 
without distant metastasis (30.2 months) (P<.0001). 

Patients with local invasion did not show any statistical 
difference in survival whether concomitant metastases 
(local or distant) were present or not (median times of 
survival, 16.1 and 13.0 months, respectively) or whether 
positive lymph nodes were present or not (median times of 
survival, 28.0 and 13.7 months, respectively). 

Local Excision.—Patients treated by palliative local 
excision had a similar survival curve to that of patients who 
underwent abdominal resections (Fig 2). The median times 
of survival of both groups were 14.7 and 14.8 months, 
respectively. 


COMMENT 


At the present time, many surgeons elect to avoid 
resection when confronted with a rectal cancer with local 
invasion, local spread, or distant metastases precluding 
curative resection. Instead, they merely perform a co- 
lostomy. This approach is often utilized because of a fear of 
high postoperative mortality and morbidity in these pa- 
tients with advanced malignancy. Other surgeons, though 
willing to perform a resection in this setting, are unwilling 
to conduct a primary anastomosis because of the fear of an 
increased incidence of anastomotic leaks, anal incontinence, 
and early obstructive recurrences. 

We have utilized an “aggressive” approach for the pallia- 
tion of incurable rectal cancers, always trying to resect the 
tumor and to perform primary anastomosis if technically 
feasible. The rationale for this approach is based on the 
following considerations: 

1. In patients with advanced rectal tumors that are not 


Fig 2.—Crude survival rates of patients treated with palliative local 
excision (open circles) and palliative abdominal resection (closed 
circles) (not significant). 
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Source, y No. of Cases 







Boey et al,° 1981 





Table 3.—Postoperative Morbidity in Palliative Abdominal 
Operations for Rectal and Colorectal Carcinoma 













No. of Morbidity 
Source, y Cases Operation Rate, % 
Rectal Cancer 
Bordos et al,' 1974 34 Abdominoperineal 50 
resection 


Present study 95 Resection 18 


Colorectal Cancer 
Joffe and Gordon,® 1981 1 Resection 


8 50 
Takaki et al,* 1977 78 Resection 43 






resected, incapacitating local symptoms of pain, tenesmus, 
incontinence, and hemorrhage commonly develop prior to 
the patient’s final demise. These symptoms were observed 
in all of the patients treated only by colostomy, with 
significant reduction in their quality of life. 

9 Patients with incurable rectal cancers in which the 
primary tumor can be resected either locally or via abdomi- 
nal approach generally die of distant metastases or gener- 
alized diseases such as liver failure, pneumonia, or con- 
gestive heart failure without the incapacitating local 
symptoms peculiar to an unresected rectal cancer. Thus, it 
is not surprising that the 13 patients treated by local 
excision only survived as long as those who underwent 
abdominal resection (14.7 vs 14.8 months). These patients 
did not die of pelvic disease. 

3. In patients in whom a resection and primary anas- 
tomosis are feasible, local recurrence sufficient to cause 
obstruction or other symptoms is rare. In the present 
series, this occurred only once in the 66 patients who 
underwent abdominal resection and primary anastomosis 
and once in the 13 patients treated by local excision. This 
low incidence of local recurrences is probably explained by 
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Table 2.—Postoperative Mortality in Palliative Abdominal Operations for Rectal and Colorectal Cancer 


Rectal Cancer 
Bordos et al,’ 1974 34 Abdominoperineal resection 2 


9 
Johnson et al,? 1981 239 Resection 11.7 
61 Colostomy 4.9 

38 aparotomy 


5.3 
Present study 95 Resection 1.0 
17 Colostomy 0 


Colorectal Cancer 
Bypass, resection, colostomy, laparotomy 


Joffe and Gordon,’ 1981 Resection 


Stearns and Binkley,® 1954 Resection 
Colostomy 


72 

81 

i i 57 
54 

50 

38 

53 

175 


17 
10 

3.5 

5.5 

rf 
Resection 16 
1 Laparotomy or colostomy 7 
2 24 

12 


5 
8 
Bacon and Martin,'' 1964 5 Colostomy 
25 Laparotomy 









Operation Mortality Rate, % 


the fact that these patients die early of generalized diseases 
before symptomatic local recurrences develop. 

4. Anal continence is well maintained. No stoma is 
necessary in the last months of the patients’ lives. 

5. This apparently aggressive approach can be conducted 
with minimal mortality and an acceptable degree of mor- 
bidity. Most of the publications studying rectal cancer 
combine malignancies of the colon and rectum (Table 2). 
However, in 1974, Bordos et al’ described 34 patients who 
underwent palliative abdominoperineal resections with a 
mortality rate of 2.9%. More recently, Johnson et al’ re- 
ported postoperative mortality rates as high as 11.7% in 
patients treated by resection. Considering all the resec- 
tions, the mortality rate in the present series was 1%. 

Unfortunately, many authors fail to report their mor- 
bidity. Bordos et al’ published a 50% morbidity rate. Other 
authors** observed similar results (Table 3). The present 
series compares favorably, with an 18% morbidity rate in 
the abdominal operations. 

6. Occasionally, the aggressive approach to palliation for 
rectal cancer and subsequent adjuvant therapy results in 
relatively long-term survival. It is not surprising that the 
patients who underwent abdominal resection had better 
survival than those treated without resection (P = .0003). 
This probably merely reflects the more advanced stages of 
the tumor in the latter patients. We were surprised, how- 
ever, to find that 11% of 95 patients who underwent abdomi- 
nal resection for palliation were still alive after five years of 
follow-up. This implies that a surgeon's ability to always 
predict a given patient’s course or response to adjuvant or 
subsequent operative therapy is not 100% accurate. 

After reviewing our data, it is evident that palliative 
resection of a rectal cancer is worthwhile. If technically 
feasible, this may be best accomplished by local excision or 
fulguration, since mortality and morbidity are negligible. 
When confronted at laparotomy with previously unsus- 
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pected distant or local metastasis seemingly beyond cura- 
tive resection, one should strongly consider palliative resec- 
tion either via the abdominal approach or, if feasible, by 
local means. A primary anastomosis to preserve sphincter 


function can be safely performed in most such instances. 
The “aggressive” approach improves the quality of the 
remaining lives of patients with incurable rectal cancer and 
occasionally results in long-term survival. 
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Discussion 


J. Kirk Martin, Jr, MD, Rochester, Minn: Dr Moran and 
coauthors are to be commended for reiterating the importance of 
palliative resection for locally advanced or metastatic rectal cancer. 
The risk of subsequent obstruction, bleeding, or perforation from 
unresected rectal cancers is significant and must never be under- 
estimated. 

We have also been very aggressive about resection of the primary 
lesion and have been impressed that in addition to avoiding 
potential complications that may adversely affect both survival and 
quality of life, patients and relatives alike receive a psychological 
lift from knowing that the tumor has been removed. 

During the last decade we have seen a change in the approach 
toward “unresectable” cancers. Dorland’s defines resectable as 
“eapable of being resected,” and in fact, there are very few rectal 
cancers that cannot be removed. The key issue, then, is that of 
residual disease. Over the last 5% years we have been utilizing 
resection followed by intraoperative radiotherapy for locally ad- 
vanced rectal cancer. We recently updated our survival figures for 
this group of 40 patients with primary rectal cancer who had 
residual cancer following resection. Their survival rate at 3% years 
was about 50%. 

Dr Moran, I question two points in your study: 

1. You reported that patients with only local invasion had 
median survival of 11.9 months, whereas with the addition of 
intraoperative irradiation we have seen median survival of at least 
42 months in our group of patients. 

2. You noted that local invasion did not result in any difference in 
survival whether distant metastases were present or not. This is 
somewhat surprising. 

I applaud your aggressive approach in dealing with these can- 
cers, but I wonder if the addition of intraoperative irradiation or af- 
terloading irradiation might be beneficial in that selected group of 
patients with localized residual disease following palliative resec- 
tion. 

Wayne H. ScHWESINGER, MD, San Antonio, Tex: I compliment 
the authors for addressing this very important issue of how best to 
palliate patients with advanced rectal carcinoma. 

It is difficult to argue with the concept that removal of the tumor 
when it can be accomplished safely is likely to palliate this situation 
most satisfactorily. In fact, I think the authors have provided us 
with a persuasive argument that resection and anastomosis is both 
safe and effective in their hands. Notably, three fourths of their en- 
tire group of patients was able to undergo resection of tumor, and 
the majority of those patients subsequently had a primary anasto- 
mosis. 

This group of patients suffered only one death and less than 20% 
morbidity. Nonetheless, I think a word of caution is appropriate 
here on the basis of two facts: 

1. Others have reported substantially worse morbidity and 
mortality results. Mortality rates have ranged from 3% to 33%, and 
in the few series available, morbidity rates have ranged from 40% 
to 50%. In the hands of other surgeons, resection may not be so 
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satisfactory and safe. 

2. Similarly, in the series reported by the authors, fully a 
quarter of the patients did not undergo resection of the tumor but 
were treated locally or with colostomy only. I think it is safe to 
observe that this procedure is not appropriate for all patients. 

Can the authors suggest what factors might account for their 
success compared with other reports? In the same sense, what 
factors should we consider most important in the selection of 
patients for resection so that all of us can achieve the results you 
reported? 

Dr ROTHENBERGER: Í thank both of the discussants for review- 
ing the manuscript ahead of time and thank Dr Moran from 
Salamanca, Spain, for spending six months with us last year. 

We are very interested in the work of Dr Martin and others at the 
Mayo Clinic, Rochester, Minn, with intraoperative irradiation. In 
fact, we are anxiously awaiting your data to show us exactly when 
to utilize that particular modality. It may have a role, but as yet it is 
difficult to tell exactly which patients will benefit. Obviously, not 
every institution in the world can gear up to do intraoperative 
irradiation. 

I might point out that this is a very selected group of patients in 
whom we simply were unable to remove all gross tumor. Many 
patients with local spread in the pelvis to the peritoneum, the 
pelvic side wall, or other adjacent structures can undergo resec- 
tion of most, if not all, of the gross tumor. Such patients might best 
be treated by postoperative irradiation. That was done in some of 
our patients. In the report we point out that we were a bit 
surprised to find that 11% of our patients survived for five years, 
and I suspect they fit in this small subgroup of patients. 

I agree with Dr Schwesinger that a word of caution is in order. 
Not every patient can undergo this kind of resection. Certainly it is 
difficult to look back and ask “Why did we get these results?” It 
would be nice to pat ourselves on the back and say “It is because we 
are such superb surgeons, and we are much better than everybody 
else in the world.” I know that this is not the case. I think our 
success has something to do, however, with the team approach. We 
never hesitate to have two or even three surgeons in the room for 
this kind of case. I think that is something that is oftentimes very 
beneficial. It is difficult ahead of time to decide when to back out. 
The operating surgeon sometimes gets involved in the technical 
aspects of what he or she is doing and where he or she is going, 
while an associate can stand back a bit and ask “Do we really want 
to get into this? Aren’t we going to knock this patient off if we do 
too much here?” Sometimes that little word of caution can make the 
surgeon reassess things and say “Yes, you are right. I think we 
might get into a massive hemorrhage here. We might have a 
situation where we just cannot do anything,” and that is the patient 
who gets a colostomy only. I emphasize, however, that this is 
infrequent, and as our experience has shown, most patients can 
undergo a palliative resection, usually with a primary anastomosis, 
with minimal mortality. I wish I had specific criteria to detail but, I 
do not. It is judgment. 
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Mortality and Morbidity of Gastric ‘Pull-up’ 
for Replacement of the Pharyngoesophagus 


Gerald T. Ujiki, MD; Gregory J. Pearl, MD; Stuart Poticha, MD; 
George A. Sisson, Sr, MD; Thomas W. Shields, MD 


e Forty-two patients have undergone gastric interposition 
to replace the pharyngoesophagus; 39 patients had primary or 
recurrent malignant tumors of the hypopharynx, cervical 
esophagus, postcrioid area, or tracheal stoma, while three 
patients had benign disease. The operation consisted of 
resection of the local neck disease, along with a transhiatal 
esophagectomy and gastric “pull-up” for restoration of gas- 
trointestinal tract continuity. Eight hospitalized patients died, 
for a mortality rate of 19%, of which six patients died of 
complications from local sepsis. The more common nonfatal 
complications were related to the neck wound, the 
anastomosis, and the stomach. The complication rate per 
patient, excluding postoperative deaths, was 40%. The aver- 
age length of stay was 44 days for the patients with nonfatal 
complications and 23 days for those without complications. 
The success rate of the operation with relief of the patients’ 
presenting symptoms was 81%. 

(Arch Surg 1987 ;122:644-647) 


abhi of patients with primary hypopharyngeal, cer- 
vical esophageal, and recurrent laryngeal carcinoma is 
uniformly low regardless of treatment. Excessive mor- 
bidity and mortality associated with surgical extirpation 
have led many physicians to believe that the appropriate 
treatment of these tumors lies outside the purview of the 
surgeon. However, effective palliation with aggressive sur- 
gical resection and immediate reconstruction with gastric 
interposition can be obtained in many of these patients. 
Relief of symptoms and early restoration of swallowing may 
be accomplished in most cases. 
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This approach has been popularized by Ong and Lee,' 
Harrison,’ Silver,* and Baines and Spiro,‘ as well as other 
investigators throughout Asia, Europe, and the Americas. 
At Northwestern University, Chicago, one of us (G.A.S.), 
as well as Krespi and associates," has been very aggressive 
with this approach to save patients with such life-threaten- 
ing primary and recurrent tumors of this region. We 
reviewed the major complications and mortality observed _ 
with this treatment in a series of patients operated on 
conjointly by the otolaryngologic oncologists and members 
of the general surgical services at Northwestern Univer- 
sity. The operations reported herein were performed either 
at Northwestern Memorial Hospital or the Lakeside Veter- 
ans Administration Medical Center, Chicago, during a six- 
year period. 


PATIENTS AND METHODS 
Patients 


A total of 42 patients who had undergone gastric interposition 
during the period from November 1980 through June 1986 were 
entered into the study. The group consisted of 35 men and seven 
women, with an age range from 28 to 77 years. Pain, dysphagia, 
and obstructed airway with stridor were present in varying 
combinations in all patients. Thirty-nine patients had primary or 
recurrent malignant tumors of the pyriform sinus, postcricoid 
region, cervical esophagus, or tracheal stoma. Three patients had 
complex benign conditions, namely, a persistent stricture due toa 
chemical burn (n=1), a benign tracheoesophageal fistula (n=1), 
and a pharyngocutaneous fistula (n=1), that had not responded to 
multiple procedures of lesser extent. Patients with limited crico- 
pharyngeal cancer in whom the anterior half of the larynx was 
preserved to permit the creation of a tracheogastric speaking 
shunt, as reported by Krespi and associates, were excluded from 
this review. 

Twenty-four of the 39 patients with cancer had received max- 
imum local irradiation to the area. In addition, 14 patients had 
received one or more courses of multidrug chemotherapy. In , 
almost all instances, the chemotherapy was a cisplatin-based 
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regimen. Twenty-four of the patients had undergone a previous 
resection of the primary tumor. Sixteen of these patients initially 
had undergone laryngectomy and later presented with a tracheal 
stomal recurrence; the other eight patients had had a local 
resection of their hypopharyngeal lesion with subsequent recur- 
rence. In the remaining 15 patients, the resection with gastric 
interposition was done as the primary procedure. 


Methods 


The operation performed in the three patients with benign 
disease consisted of a standard transhiatal esophagectomy and 
gastric interposition with the anastomotic site high in the hypo- 
pharynx. In the 39 patients with malignant disease, the operation 
consisted of a total pharyngoesophagectomy with mediastinal 
dissection in 16 patients and a total laryngopharyngoesophagec- 
tomy with paratracheal and mediastinal dissection in 23 patients. 

Initially, cervical dissection was performed by the otolaryngo- 
logic team. The local lesion in the neck was mobilized when judged 
resectable. To facilitate the mediastinal dissection, the manubrium 
sterni and the medial clavicular heads were removed to widely 
expose the superior portion of the mediastinal space. The 
esophagus and tumor were dissected off the posterior tracheal wall 
from above down to the level of the tracheal carina. In three 
patients the carotid artery was partially excised with closure, and 
in two patients a carotid artery bypass was necessary. Injury to the 
innominate artery occurred in one patient, requiring temporary 
cross-clamping to accomplish the operative repair. Injury to the 
posterior membraneous wall of the trachea occurred in two pa- 
tients; a simultaneous thoracotomy was needed to effect a satisfac- 
tory repair in one of these patients. To effect the repair in this 
patient, a free pericardial patch was buttressed with the trans- 
posed stomach. In the other patient, the repair was accomplished 
with interrupted sutures to close the laceration. These sutures 
were placed via the suprasternal incision. In the more recent cases, 
freeing of the upper thoracic esophagus from the posterior tracheal 
wall was delayed until the lower portion of the esophagus was freed 
from below via the transhiatal route. This step was done to lessen 
the chance of injury to the tracheal wall by movement of the 
endotracheal tube or by the dissection of the upper esophagus with 
the lower portion still fixed in place. 

Once the tumor and upper esophagus were freed, the abdomen 
was opened by the general surgical team. The stomach was 
mobilized with preservation of the right gastric and gastroepiploic 
vessels and ligation of the short gastric arteries and the left gastric 
vessels. In one patient, splenic injury necessitated splenectomy for 
control of bleeding. A Kocher maneuver, as well as a pyloromy- 
otomy, was then performed in all patients. The esophageal hiatus 
was enlarged, generally by division of a portion of the left crus, so 
that blunt dissection of the esophagus could be carried out to free 
up the esophagus to the point of the previous dissection from 
above. 

After the mobilization of the stomach and the esophagus, the 
latter was used to pull the stomach up to the neck—a maneuver 
that we call a gastric “pull-up”—with care being taken not to twist 
the stomach. The esophagus was then divided at the 
gastroesophageal junction with a stapler (GIA, US Surgical Corp, 
Stamford, Conn). The fundus was used for the gastropharyngeal 
anastomosis that was performed with a single layer of nonabsorba- 
ble suture. Routinely, a feeding jejunostomy catheter was set in 
place, and the abdominal portion of the procedure was completed in 
the standard manner. 

Before completion of the anastomosis in the neck, a nasogastric 
tube was inserted into the stomach for postoperative decompres- 
sion. Upon completion of the anastomosis, the wound was closed 
with an appropriately sized pectoralis myocutaneous flap from the 
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chest wall. If the tracheal stump appeared short, the tracheostoma 
was created at the center of the flap in a doughnut fashion. When 
the tracheal stump was of adequate length, the flap was placed 
superior to the tracheostoma in a semilunar fashion. The flap was 
used not only to obtain primary closure but also to protect the 
exposed vessels and to obliterate the superior mediastinal defect. 
The mediastinal and cervical areas were drained separately with 
soft-suction drains. 


RESULTS 


There were five deaths within the first 30 days postopera- 
tively, for a mortality rate of 11.9%. An additional three 
patients died without leaving the hospital, for an overall 
inpatient mortality rate of 19% (Table). One patient died of 
cardiogenic shock after a massive myocardial infarct. The 
patient with intraoperative injury to the innominate artery 
that required cross-clamping of the vessel prior to its repair 
suffered a fatal right hemispheric stroke. The remaining six 
patients died of complications due to local sepsis. In each 
patient, partial breakdown of the pharyngogastric anasto- 
mosis, partial dehiscence or necrosis of the myocutaneous 
flap, or a combination of both complications were present. 
Three deaths were related to complications arising from the 
innominate artery. There were two fatal tracheoinnominate 
fistulas and one innominate artery rupture with hemor- 
rhage into the wound. One death was related to erosion of 
the carotid artery with fatal hemorrhage. Unfortunately, 
this latter patient was the one in whom the pericardial patch 
graft to the trachea had been required. Since no autopsy 
specimens were obtained, there was no clinical evidence of 
breakdown of the repair. A second patient had massive 
hemorrhage from the carotid artery and subsequently died 
of continued local sepsis despite ligation to control the 
bleeding. The remaining patient died of continuing local 
sepsis and recurrent tumor. 

Nonfatal complications were varied. The more common 
ones were related to the neck wound, the anastomoses, or 
the stomach, although minor pulmonary and other compli- 
cations were observed. More than one complication oc- 
curred in any one patient. However, the complication rate 
per patient, excluding postoperative deaths, was 40%. 

Complications related directly to the stomach were 
characterized predominately by emptying problems or diar- 
rhea. Ten patients experienced delayed gastric emptying, 
with or without regurgitation, in the immediate post- 
operative period. These were not long-term problems; all 
patients in this group responded to a conservative therapy 
of small feedings, elevation of the head, and metoclopra- 
mide hydrochloride administration. Sixteen patients had 
minor episodes of diarrhea that responded to conservative 
management. One patient developed necrosis of the prox- 
imal stomach secondary to intraoperative injury to the 
right gastric artery. The proximal portion was successfully 
resected and managed by the construction of a phar- 
yngostomy and gastrostomy. 

Nonfatal complications relative to the anastomosis oc- 
curred in six patients. Five patients developed a pharyngo- 
cutaneous fistula and one patient developed an anastomotic 
stricture. All patients who developed a postoperative leak 
had received preoperative irradiation to the neck tumor. 
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Inpatient Deaths 


Patient Postoperative 
Age, y Day Lesion Cause of Death 


68 2 Pyriform sinus Myocardial infarct, 
cirrhosis, ascites 


Innominate artery 
hemorrhage 
leading to sepsis 


Innominate artery 
injury leading to stroke 


Left carotid artery 
hemorrhage, tracheal tear 
leading to sepsis 


Tracheoinnominate 
fistula leading to 
sepsis 


Tracheoinnominate 
fistula leading to 
sepsis 

Carotid artery 
ligation leading to 
sepsis 

Sepsis, tumor 
recurrence 


8 Recurrent in 
larynx 


10 Recurrent in 
larynx 


14 Recurrent in 
larynx 


Recurrent in 
larynx 


Recurrent in 
glottis 


Recurrent in 
pyriform sinus 


Recurrent in 
larynx 





Two patients underwent revision of the fistula into a gastro- 
pharyngostome, ie, a controlled pharyngogastric cutaneous 
fistula, and three fistulas healed secondarily. An additional 
five patients had undergone a controlled gastropharyn- 
gostome at the time of initial operation due to tension of the 
anastomosis. All fistulas subsequently were closed success- 
fully with a myocutaneous flap. 

Wound infection in the neck was present in those patients 
who developed anastomotic leaks and in five other patients 
who developed partial necrosis or dehiscence of the original 
myocutaneous flap. One of these patients also experienced a 
partial sternal dehiscence. All these problems were cor- 
rected by secondary myocutaneous flap transpositions. 
There were also three minor abdominal wound infections 
that healed after appropriate drainage. 

Pulmonary complications, except for one empyema asso- 
ciated with a small gastropleural fistula, were of minor 
extent. There were 11 cases of pneumothorax, six episodes 
of atelectasis, six instances of pleural effusion, and three 
cases of prolonged pulmonic infiltration that responded to 
antibiotic therapy and endobronchial aspirations. 

Postoperative ileus of longer than five days’ duration 
occurred in five patients, and in one patient a mechanical 
small-bowel obstruction occurred secondary to volvulus at 
the jejunostomy site. Nonfatal cardiovascular complica- 
tions oecurred in four patients, and delirium tremens 
occurred in one patient. 

The average length of stay was 44 days for patients with 
nonfatal complications and 23 days for those without com- 
plications. At the time of discharge, 29 of the 34 patients 


were receiving alimentation orally, while five patients 
continued to receive tube feedings because of the presence 
of a pharyngogostome. These five patients had the stoma 
repaired in a later admission, with subsequent restoration 
of oral alimentation. No evidence of respiratory obstruction 
was present in any patient at the time of discharge. The 
complication of hypoparathyroidism following total 
laryngopharyngectomy and gastric pull-up was not consid- 
ered in this review, although this subject was recently 
summarized by Krespi and associates’ in 1985. Essentially, 
the incidence of patients requiring therapy, ie, dietary 
calcium, vitamin D, or both nutrients, in this situation was 
73%. 


COMMENT 


Despite a seemingly high mortality rate, all but three of 
these procedures were done for life-threatening complica- 
tions of primary or recurrent malignant disease. This major 
operation succeeded in relieving the symptoms and permit- 
ted home discharge in 81% of the patients operated on in this 
series. In a series of 157 patients, Lam and colleagues’ 
initially reported a 31% inpatient mortality rate. However, 
the rate had fallen to 18% for the last two years in that 
series. That rate is similar to our inpatient rate of 19%. The 
30-day operative rate is likewise similar to the 18% rate 
reported by Baker and Schechter.’ The most frequent cause 
of death in the series of Lam et al* was respiratory failure as 
a result of chest infection. This was not the case in the 
present series, and no deaths occurred due to respiratory 
complications. Continued sepsis with late hemorrhage was 
the most frequent cause of death in the present series, and 
five of the eight early or late inpatient deaths were a direct 
result of major hemorrhage. 

In four of the six patients who suffered major vascular 
hemorrhage (fatal hemorrhage in five patients), preopera- 
tive irradiation had been given and local wound sepsis was 
present. It is obvious that the most dangerous complication 
is continued sepsis in an irradiated field. Better protection 
of the exposed major vessels is a goal not yet totally 
achieved. Anastomotic leakage is the other major problem. 
This complication again was seen to occur more often in 
patients who had received previous irradiation. Meticulous 
technique of performing the anastomosis is necessary. In 
situations where there is any question as to the integrity of 
the anastomosis, the performance of a controlled gastro- 
pharyngostome is recommended. 

The other nonfatal complications are troublesome, but 
with proper care they are of no major consequence. The 
important feature of the procedure is that the vast majority 
of patients are relieved of their symptoms, and even cure of 
their malignant disease may be anticipated. Krespi and 
Atiyah” reported that in their early experience, 45% of 
patients with recurrent disease and 85% of those with 
primary disease were alive at a median of 28 months. 
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Discussion 


JACK PICKLEMAN, MD, Maywood, Ill: The 19% death rate, the 
40% complication rate, and the one-month average hospital stay 
are results that discourage the widespread use of these proce- 
dures. On the other hand, 34 patients could eat normally after they 
left the hospital. A partial explanation for some of these results is 
that 24 patients had had prior irradiation, 14 had had prior 
chemotherapy, and 24 had had prior operations to remove malig- 
nant neoplasms; this is clearly a poor-risk group of patients. 

In my experience, a number of patients have had difficulty 
swallowing postoperatively and have come back to the hospital 
with recurrent bouts of aspiration pneumonia. You mentioned 
gastric emptying problems, but you did not mention swallowing 
and aspiration problems. Have you noticed these complications in 
your group? 

With regard to your 40% complication rate, 15 patients had not 
had prior x-ray therapy, and I wonder what the complication rate 
was in those 15 good-risk patients. At our institution, we are now 
starting to disqualify those patients who have had prior x-ray 
therapy and have recurrent disease. We feel the morbidity and 
mortality in this group does not justify the operation you have 
described. 

Regarding the 39 patients with cancer, you stated that 16 
patients had a pharyngoesophagectomy with mediastinal dissec- 
tion and 23 patients had a laryngopharyngoesophagectomy with 
paratracheal and mediastinal dissection. When I am operating and 
have my hands through the hiatus, behind the heart, I frankly am 
too busy saying “Hail Marys” to really be concerned with the fine 
points of paratracheal and mediastinal dissection. Are you really 
performing a paratracheal and mediastinal dissection through this 
route? 

OrLo H. CLARK, MD, San Francisco: I wonder about the 
distribution of the disease you found in the removed specimens. Do 
you think the operative approach you presented is really necessary, 
or could you get comparable results using a mediansternotomy? 
The latter should result in less morbidity. 

Dr SHIELDs: Many of these patients have had trouble in the 
postoperative period with swallowing. They have to take very 
small feedings, and even then they do not swallow very well. Most 
of them are edentulous and have had a major eating problem. Most 
of these patients are maintained on soft-food diets, but they do 
have trouble with some episodes of regurgitation. They are all told 
to not lie down after eating and to eat several hours before going to 
bed. Regurgitation is a problem not only because the patients have 
a problem with swallowing, but, as you know, physiologically the 
stomach just acts as a conduit. Because it has no motility, there is 
some retention. With care, regurgitation should not be a major 
problem as far as we are concerned. 

There are problems with the blunt dissection, but we have not 


Arch Surg—Vol 122, June 1987 


had too much trouble behind the heart, except when it stops 
beating. The major mediastinal dissection is done initially from 
above after the excision of the manubrium of the sternum and the 
heads of each clavicle. It gives a very extensive area of exposure. 
Both hands can be put through the opening if one wishes. It is a lot 
different than performing transhiatal esophagectomy for car- 
cinoma of the esophagus, in which the exposure in the neck is 
relatively limited. 

The head and neck surgeons at our institution are extremely 
aggressive surgically, and they believe that these procedures are 
the only chance that the patient has for potential cure. They do take 
on poor-risk patients who have had recurrences despite irradia- 
tion. In fact, Dr Sisson has been a strong advocate of this procedure 
for tracheal recurrences following a previous laryngectomy. 

These are technically difficult procedures. They are extensive 
and performed in an irradiated field, and the easy portions of the 
operation, indeed, are the mobilization of the stomach and the 
transhiatal esophagectomy. That is why Dr Ujiki and I do that 
portion. We leave the “tough stuff” to be done by the head and neck 
surgeons. Even though you can bring the stomach up high into the 
neck, using the fundus as the site of the anastomosis, a number of 
these operations appear unfortunately to be done under tension, 
which is where we get into trouble. In the five patients in whom 
tension at the site of anastomosis was recognized, a planned initial 
pharyngostome was done. This opening was later closed, and these 
patients did very well. 

Additionally, the patient in whom the procedure has been done as 
a primary operation has had very minimal complications. However, 
in the poor-risk group, ie, patients with previous irradiation and/or 
surgery, a leak (excluding those five patients that had the planned 
pharyngostome at the initial operation) could be a severe complica- 
tion. We had 11 patients who developed a leak of the anastomosis, 
an incidence of 30%, which really is unacceptable. Unfortunately, 
in the presence of tension and potential poor healing in an irradi- 
ated field, leakage does occur. This complication is a potential ca- 
tastrophe, since in 55% of these leaks, despite adequate drainage, 
the patients have continued to have sepsis, which has resulted in 
the death of some patients. A leak in the neck in these individuals is 
a catastrophe, which usually results in fatal hemorrhage from an 
exposed vessel. Occasionally, the leak can be temporarily con- 
trolled at times. However, when it occurs as a tracheo-innominate 
fistula, most patients die within a very short period. 

We have tried to convince our colleagues that if there is any 
question whatsoever of tension at the line of the anastomosis, it is 
necessary to perform an elective pharyngostome and go back to 
repair the pharyngostome at a later date. I think we will save more 
of our patients in this manner. 
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Pancreaticopleural Fistulas 


Edward W. Pottmeyer III, MD; Charles F. Frey, MD; Seiki Matsuno, MD 


èe Of ten patients with pancreaticopleural fistulas, who 
ranged in age from 28 to 62 years, eight had primarily thoracic 
symptoms and no abdominal symptoms. The other two had 
abdominal pain after acute pancreatic injury. Computed to- 
mographic scans disclosed pseudocysts in nine patients. The 
effusions resolved in four of the ten patients with transthoracic 
drainage, although two of these patients later required surgery 
because of recurrent pseudocysts. One patient died 17 days 
after repair of an abdominal aortic aneurysm; this patient had 
been treated by tube thoracostomy. Five patients underwent 
surgery; in four of them pancreatography was used to deline- 
ate the site of disruption preoperatively. These patients all 
survived, and none required subsequent surgical treatment. 

(Arch Surg 1987;122:648-654) 


yapa of the major pancreatic duct may occur in the 
setting of acute or chronic pancreatitis. The usual 
outcome of this event is the development of a pancreatic 
pseudocyst, which is observed in less than 10% of all cases of 
pancreatitis.’ More uncommonly, the pancreatic secretions 
may be released freely into the peritoneal cavity, resulting 
in ascites, or may extend transdiaphragmatically to enter 
the mediastinum, there to spill into either or both pleural 
cavities. While the majority of these pancreaticopleural 
fistulas are secondary to the extension of an intra-abdomi- 
nal pseudocyst, a fistulous tract may occur in their ab- 
sence.” 

Initial treatment with nonsurgical therapy has resulted 
in the resolution of pancreaticopleural fistulas in up to 50% 
of the cases reported.” The remainder require surgical 
excision or decompression of the leak to achieve cure. 
Unfortunately, there are few reports of long-term results of 
each mode of therapy. It is unclear whether conservative 
management in the presence of an abnormal pancreatic duct 
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results in prolonged control of the underlying pancreatic 
disease. We studied ten patients with pancreaticopleural 
fistulas over a ten-year period and evaluated the results of 
each treatment approach. 


PATIENTS, METHODS, AND RESULTS 


Ten patients with pancreaticopleural fistulas were treated at the 
University of California, Davis Medical Center (Sacramento) and 
the Martinez (Calif) Veterans Administration Hospital between 
1975 and 1985. The nine men and one woman ranged in age from 28 
to 62 years. 

Eight patients had a history of alcohol abuse and two had acute 
pancreatic injury (ductal disruption following blunt abdominal 
trauma in one and acute pancreatitis after abdominal aortic 
aneurysm repair in the other). Both patients with pancreatic injury 
presented primarily with abdominal pain, with the subsequent 
development of thoracic symptoms five and seven days after injury. 
The remaining eight patients presented with primarily thoracic 
complaints (most commonly shortness of breath and chest pain) 
and no abdominal symptoms. The interval from the onset of 
symptoms to the time of hospital admission averaged 22 days 
(range, one to 60 days). 


Physical Findings 


Physical findings were chiefly thoracic. Nine patients had evi- 
dence of pleural effusion with decreased breath sounds and dull- 
ness to percussion over the right hemithorax (two patients), the 
left hemithorax (five patients), or bilaterally (two patients). 
Pleural rubs were noted in three cases. One patient (patient 7) who 
presented with cardiomegaly and evidence of pericardial tampon- 
ade was found to have a pancreaticopericardial fistula. 

In all cases, the pleural or pericardial fluid amylase levels were 
greater than 1000 U/L and were significantly higher than corre- 
sponding serum levels. Additionally, the total pleural fluid protein 
content was 3.0 g/dL (30 g/L) or greater in each patient, confirming 
the diagnosis in accordance with the findings of Cameron et al? 
(Table 1). 


Demonstration of the Fistula 


Demonstration of the pancreaticopleural fistula was possible at 
the time of diagnosis in all ten patients. In nine patients computed 
tomographic (CT) scans revealed pseudocysts with intrathoracic 
extension via either the aortic or the esophageal hiatus. One 
patient without a definable pseudocyst was noted to have a fistula 
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Table 1.—Serum Amylase and Pleural Fluid Findings 


Serum Pleural Fluid Pleural Fluid 
Patient/Sex/ Amylase, Amylase, Protein, 
Age, y U/L U/L g/dL (g/L) 
1/M/62 320 10510 4.1 (41) 
2/M/42 399 1910 5.0 (50) 
3/M/29 642 18650 4.1 (41) 
4/M/57 546 22720 4.4 (44) 
5/M/44 2207 29 568 3.0 (30) 
6/M/47 253 2310 4.3 (43) 
7/M/28 1044 15400 5.9 (59) 
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4.6 (46) 


tract arising from the tail of the pancreas on endoscopic retrograde 
cholangiopancreatography (ERCP). 


Initial Therapy 


Initial therapy consisted of transthoracic drainage by either 
tube thoracostomy or repeated thoracentesis in conjunction with 
total parenteral nutrition (TPN) in all cases. No antisecretory 
medications were used in this series. In four of ten patients the 
effusions resolved in an average of 12.3 days on this regimen. One 
patient became unavailable for follow-up after eight months, at 
which time he was symptom free; another was well for three years 
without recurrence (Table 2). The remaining two patients, al- 
though free of recurrent pancreaticopleural fistulas, required 
subsequent operation within 18 months secondary to recurrent 
pseudocysts. 


Definitive Therapy 


Five patients failed to respond to conservative measures and 
underwent operation because of persistence of their pleural effu- 
sions. Preoperative or operative pancreatograms were obtained in 
four of these patients to delineate precisely the site of disruption to 
guide the operative procedure. The pseudocyst was decompressed 
via cyst gastrostomy or jejunostomy in two patients. Pancreatico- 
jejunostomy was used to decompress a dilated pancreatic duct in 
two patients, and in one patient a distal pancreatectomy com- 
pletely excised the origin of the fistula. There were no operative 
deaths and no further operative procedures during follow-up of 
these five patients for periods of two to seven years (Table 3). One 
patient with chronic pancreatitis caused by alcohol abuse had 
multiple readmissions for acute episodes of pain. 

One patient in whom drainage was initially successful was 
readmitted one month after discharge and underwent multiple 
external and percutaneous drainage procedures for recurrent and 
ruptured pseudocysts. Another patient underwent cystojejunos- 
tomy 17 months after discharge for control of a persistent and 
enlarging pseudocyst. 

One patient died 17 days after abdominal aortic aneurysm repair 
complicated by postoperative renal and pulmonary failure as well 
as pancreatitis with pancreaticopleural fistula. This patient was 
treated conservatively with tube thoracostomy, TPN, and in- 
travenous antibiotics. 


REPORT OF CASES 


CASE 7.—A 28-year-old man with a history of intravenous drug 
and alcohol abuse and recurrent pancreatitis presented with a two- 
week history of increasing shortness of breath and substernal chest 
pain. He was noted to have clear lungs, a pericardial function rub, 
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Table 2.—Outcome of Patients With Resolution of 
Fistulas During Medical Management 





Computed Tomographic 
Finding 


Pseudocyst 
communicating with 

L pleural space via 
aortic hiatus 


Patient 











Died 17 d after abdominal 
aortic aneurysm repair 










2 Pseudocyst Asymptomatic at 3 y 
communicating via 
aortic hiatus 
3 Pseudocyst Asymptomatic at 3 y 
communicating via 
aortic hiatus 
4 Pseudocyst Cystojejunostomy at 17 mo 
communicating via for persistent 
aortic hiatus pseudocyst 
5 Pseudocyst Exploration with external 


communicating via 
esophageal hiatus 


drainage of ruptured 
pseudocyst at 1 mo 








Table 3.—Outcome of Patients Requiring Surgery 
for Resolution of Fistula 


Pancreatographic 
Patient Finding Procedure 


6 Fistula from Distal 
tail pancreatectomy 


Fistula from Distal 
body of pancreas pancreatectomy, 
pancreatico- 
jejunostomy 


Cystogastrostomy Asymptomatic 
at 6 y 

9 Extravasation, Cystojejunostomy Asymptomatic 
body of pancreas at 3 y 

10 Beading of duct; Longitudinal 


extravasation, head pancreatico- 
of pancreas jejunostomy 


Outcome 


Asymptomatic 
at 7y 


2 episodes of 
pancreatitis 
at 2 y 


8 Not available 


Asymptomatic 
at 2 y 





and a pulsus paradoxus of 15 mm Hg on physical examination. The 
abdomen was diffusely tender. A chest roentgenogram revealed an 
enlarged heart with minimal right-lower-lobe atelectasis (Fig 1). 
The serum amylase level was 1044 U/L; white blood cell count, 
19 000/mm? (19.0 x 10°/L); and albumin level, 3.3 g/dL (33 g/L). An 
electrocardiogram was suggestive of acute pericarditis, with ST- 
segment elevation present in leads I, II, aVc, and V, to V,. An 
echocardiogram confirmed the presence of a large pericardial 
effusion. Pericardiocentesis yielded 180 mL of cloudy straw- 
colored fluid with an amylase level of 3619 U/L and a protein level of 
5.9 g/dL (59 g/L). A CT scan revealed a pancreatic pseudocyst 
extending through both diaphragmatic hiatuses to communicate 
with the pericardium and both pleural cavities (Fig 2). The patient 
subsequently developed a large left pleural effusion requiring tube 
thoracostomy. 

Initial treatment consisted of TPN with pleural drainage. Chest 
tube outputs remained in excess of 600 mL/d. The patient under- 
went exploration on day 11. A distal pancreatectomy with operative 
pancreatogram revealed disruption of the main pancreatic duct in 
the body of the pancreas (Fig 3). A Roux-en-Y pancreaticoje- 
junostomy incorporating the fistulous origin was created for 
decompression. The postoperative course was uncomplicated, and 
the patient was discharged seven days postoperatively. A chest 
roentgenogram prior to discharge showed resolution of both the 
pleural and pericardial effusions (Fig 4). 
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Fig 1.—Admission chest roentgenogram in patient 7 showing 
evidence of pericardial effusion. 





Fig 2.—Computed tomographic scan in patient 7 showing exten- 
sion of pseudocyst via esophageal and aortic hiatuses to involve 
pericardial sac and left pleural space. 


He was readmitted one year later for an uncomplicated episode of 
acute pancreatitis that responded to medical therapy. He subse- 
quently developed bilateral pleural effusions during his hospi- 
talization. 

Case 5.—A 44-year-old man with a history of chronic alcohol 
abuse was admitted with a one-week history of increasing short- 
ness of breath and left-sided chest pain. Physical examination 
showed dullness to percussion and diminished breath sounds over 
the left hemithorax, as well as mild epigastric tenderness. A chest 
roentgenogram revealed a large, left-sided pleural effusion. The 
initial serum amylase level was 2207 U/L; white blood cell count, 
15 200/mmi? (15.2 x 10°/L); albumin level, 3.0 g/dL (30 g/L); pleural 
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Fig 3.—Intraoperative pancreatogram in patient 7 demonstrating 
disruption of major pancreatic duct in body of gland. 


fluid amylase level, 29568 U/L; and pleural fluid white blood cell 
count, 1500/mm’ (1.5x10*/L). A CT scan disclosed pancreatic 
calcifications and a large pancreatic pseudocyst communicating 
with the left pleural cavity via both the esophageal and aortic 
diaphragmatic hiatuses (Fig 5). 

Treatment consisted of multiple thoracenteses, with placement 
of a left-sided tube thoracostomy on day 5 secondary to an 
iatrogenic pneumothorax, and TPN. Surgery was offered, but the 
patient refused it. Drainage from his chest tube markedly dimin- 
ished, and the tube was removed on hospital day 11. The patient was 
discharged home following an additional ten days of TPN. 

He presented to the Emergency Department 28 days later 
complaining of the acute onset of abdominal pain, with the physical 
findings of an acute abdomen. Exploratory laparotomy was per- 
formed, and a ruptured pancreatic pseudocyst was drained exter- 
nally. The patient’s course was stormy, with the development of 
further pseudocysts. Percutaneous drainage guided by CT was 
attempted, resulting in temporary benefit. A second laparotomy 
was necessary because of the development of a Klebsiella infection 
of the pseudocyst. Again, external drainage was accomplished, and 
the patient was sent home on postoperative day 14 with a pancreat- 

cocutaneous fistula draining small amounts of secretions. This 
closed spontaneously after two months, at which time the patient 
became unavailable for follow-up. 

Case 6.—A 47-year-old man with a history of alcohol abuse 
presented with a complaint of increasing shortness of breath and 
pleuritic left-sided chest pain over the past two to three weeks. 
Results of physical examination were significant for dullness to 
percussion and decreased breath sounds over both hemithoraxes. 
An abdominal examination was noncontributory. Initial blood 
examination revealed an amylase level of 253 U/L and a white blood 
cell count of 9600/mm’ (9.6 x 10°/L). A chest roentgenogram showed 
bilateral large pleural effusions. Thoracentesis yielded a straw- 
colored turbid fluid with an amylase level of 2310 U/L and a protein 
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Fig 4.—Postoperative chest roentgenogram in patient 7 showing 
resolution of both pericardial and left pleural effusions. 


level of 4.3 g/dL (43 g/L). A CT scan failed to demonstrate any 
pancreatic abnormality. 

Treatment was instituted with TPN and repeated thoracentesis. 
The left pleural effusion resolved within 12 days; however, the right 
effusion persisted despite daily drainage. Endoscopic retrograde 
cholangiopancreatography demonstrated a fistula from the tail of 
the pancreas. The patient subsequently underwent an uncompli- 
cated distal pancreatectomy with excision of the fistulous origin. 
He was discharged home on postoperative day 7 with resolution of 
his intrathoracic process. He was alive and well without recurrence 
of either his fistula or the episodes of pancreatitis after seven 
years. 


COMMENT 


Pancreaticopleural fistula is a relatively rare complica- 
tion of pancreatic disease, occurring in less than 1% of 
pseudocysts.* However, since the report by Anderson et alë 
of five cases, with an additional 11 cases from the literature, 
it has been recognized with increasing frequency. Cameron 
et al’ suggested that the primary event is ductal disruption, 
usually in the absence of acute pancreatic inflammation, in 
part explaining the lack of abdominal complaints in the 
majority of patients. Anterior disruption with free perfora- 
tion into the peritoneal cavity results in ascites. Posterior 
disruption gives rise to a retroperitoneal fistula that may 
track inferiorly into the pelvis*’ or superiorly through the 
diaphragmatic hiatus into the mediastinum, where it may 
form a pseudocyst,’ or it may perforate into either or both 
pleural cavities or, rarely, into the pericardium.®” Addi- 
tionally, pancreatic pseudocysts may enlarge, eroding di- 
rectly through the diaphragm and giving rise to an effu- 
sion.” 

Diagnosis is based on a high index of suspicion, as 
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Fig 5.—Computed tomographic scan in patient 5 demonstrating 
fistula communicating with left pleural space via aortic hiatus. 


pancreaticopleural fistulas in the absence of a preceding 
history of pancreatic disease are not uncommon.’ 

An elevated pleural fluid amylase level of greater than 
1000 U/L in each of our cases, in conjunction with a total 
protein of at least 3.0 g/dL (30 g/L) in the pleural (or 
pericardial) fluid, is pathognomonic. Actual demonstration 
of the pancreaticopleural communication may be achieved in 
several ways. Direct instillation of radiopaque dye into the 
affected hemithorax may delineate the tract in a retrograde 
fashion in some cases.” Recently, however, use of ERCP to 
demonstrate the site of ductal disruption and origin of the 
fistula has met with excellent results." In our series, CT 
scans were able to show the direct extension of the pseudo- 
cyst through the esophageal or aortic hiatus in nine of ten 
patients.” The only failure was in one patient with a 
fistulous tract in the absence of a pseudocyst. 

Initial management with conservative measures has con- 
siderable support in the literature.” Thoracic drainage 
coupled with TPN and pharmacologic inhibition of pancere- 
atic secretion may result in the prompt resolution of the 
effusion with closure of the fistula in up to 40% to 50% of 
cases.” While recurrence of the pancreaticopleural fistula 
is uncommon, few data exist on the long-term course of the 
underlying pancreatic disease. While the fistulas of four of 
our ten patients closed in under two weeks with medical 
management, two of these patients required surgical proce- 
dures for associated complications of their underlying pan- 
creatic disease within 18 months of their presentation. 

Patients whose pancreaticopleural fistulas resolve spon- 
taneously are at risk of other complications of chronic 
alcoholic pancreatitis, including pain and pseudocysts. We 
believe more attention should be paid to the long-term 
sequelae attributable to chronic alcoholic pancreatitis in 
patients whose pancreaticopleural fistulas resolve spon- 
taneously. 

Cameron et al? reported that 40% to 50% of pancreat- 
icopleural fistulas resolve spontaneously, but they did not 
specify how many patients later required operative man- 
agement of complications other than pancreaticopleural 
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fistulas. We believe that, like the patients who require 
surgery for unresolved pancreaticopleural fistulas, those 
with fistulas that do resolve ought to be studied by ERCP 
and CT sean to delineate the structural abnormalities of the 
pancreatic ductal system. Those patients with strictures or 
cutoffs of the major pancreatic duct are at high risk for 
additional complications of pancreatitis. Should these pa- 
tients have a history of pseudocyst or appreciable abdomi- 
nal pain predating their fistula, they should be considered 
for operation even if their fistulas have resolved spon- 
taneously and they have had no history of pain or other 
complications of pancreatitis. These patients need to be 
followed up closely, as there is a high likelihood that they 
may develop problems requiring operative intervention. 
Surgical treatment of pancreaticopleural fistula is based 
on decompression of a stenotic or obstructed main pancre- 
atic duct and/or excision of the involved portion of the 
obstructed pancreas. Computed tomography demonstrates 


well the fistulous connection, but ERCP or operative 
pancreatography is crucial in delineating ductal mor- 
phologic features and planning operative strategies. This 
was performed in all but one of our cases. In the presence of 
a pseudocyst, cystoenterostomy is sufficient decompres- 
sion. Proximal stenosis with dilated ducts distally requires 
a pancreaticojejunostomy including the site of perforation 
for decompression, while more distal stenosis may respond 
to distal pancreatectomy. While not always possible during 
distal resection, preservation of the spleen should be at- 
tempted. Successful operative management of pancreat- 
icopleural fistulas can be achieved with a low mortality and 
excellent long-term results with regard to both the resolu- 
tion of the fistula and subsequent complications of the 
underlying chronic pancreatitis. Our series and others have 
shown a low incidence of recurrence of the pancreaticopleu- 
ral fistulas and good long-term results with minimal associ- 
ated complications. 
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Discussion 


ALBERT E. YELLIN, MD, Los Angeles: In our busy 1700-bed 
public hospital I found only one well-documented case in which a 
pseudocyst ruptured into the pleural cavity. Transhiatal medi- 
astinal extension of the pseudocyst and the fluid-filled hemithorax 
were seen. Another higher CT cut pinpointed the rupture. This 
patient was treated medically and with tube thoracostomy. All 
symptoms resolved, but the alcoholic patient has been lost to 
follow-up. 

The pathophysiology and natural history of nontraumatic pan- 
creatic ductal rupture is fascinating and enigmatic! Why do pancre- 
atic ducts rupture? Postpancreatic ductal strictures and subse- 
quent intraductal hypertension cannot be the sole reason. Gradual 
occlusion of the pancreatic duct by tumor—or sudden experimen- 
tal occlusion by ligature—will not even consistently result in 
pancreatitis, let alone ductal rupture. Yet, when disruption does 
occur and for whatever reason, the pancreatic secretions usually 
dissect along well-recognized retroperitoneal tissue planes. The 
pseudocysts will often make their presence known at a site quite 
distant from the pancreas. We have seen such pseudocysts present- 
ing as testicular masses and also as femoral hernias. 

In 1967 Cameron characterized and coined the term “internal 
pancreatic fistula.” He noted that ducts that rupture posteriorly 
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may dissect into the mediastinum and cause pancreaticopleural 
fistulas whereas those that rupture anteriorly may result in 
pancreatic ascites. The syndrome of pancreatic ascites is in many 
ways analogous to pancreaticopleural fistulas. I would like to share 
some thoughts regarding this related syndrome. 

We have seen 16 patients with internal pancreatic fistulas during 
the past 25 years. Alcoholism was the likely cause in 15 patients, 
with trauma a possible comorbid cause in two and the sole cause in 
one. Ten had a pseudocyst. Computed tomography has now become 
the imaging technique of choice, best able to demonstrate the 
presence and extent of the pseudocyst. Although sonography was 
employed in the majority of our cases, it often was not able to 
identify the interface between the ascites and the cyst fluid and 
could not differentiate between the two. Endoscopic retrograde 
pancreatography was the most critical diagnostic test in determin- 
ing the precise point of ductal disruption. We have seen contrast 
leaking into a ruptured pseudocyst, which was also leaking into the 
peritoneal cavity. We have seen on ERCP an intraperitoneal ductal 
leak in the absence of a pseudocyst, a characteristic of six of our 
patients. 

Somewhat similar to the therapeutic plan outlined today by Dr 
Pottmeyer, initial medical management was employed in each of 
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e patients. It usually consisted of pancreatic rest, anticholi- 
ergics, parenteral nutrition, diuretics, and paracentesis. Resolu- 
tion occurred in five patients and five other patients died of 
complications that developed during the course of medical therapy. 
The remaining six patients required surgery. Two of these six died. 
Both were patients in whom medical therapy was carried out for 
more than one month. Their fatal complications were clearly 
related to this delay caused by medical therapy. 

We believe that all internal pancreatic fistulas, whether they 
rupture into the chest or abdomen, share a common pathophysiol- 
ogy and require similar therapy. We now believe that 

1. A short course of medical therapy is warranted to see 
whether total resolution occurs, but this should not extend beyond 
two weeks. 

2. Total parenteral nutrition should be employed in an attempt 
to minimize or reverse catabolism in these chronically malnour- 
ished alcoholic patients. 

3. Computed tomography is an excellent diagnostic tool but 
ERCP is critical in delineating the anatomy of the pancreatic duct 
and planning operation therapy. 

4. And lastly, operation is definitive and should be performed 

sooner rather than later. When possible it should consist of a distal 
pancreatectomy to include the site of ductal rupture. 
-~ I have but one question for the authors. Fluid aspirated from a 
pseudocyst or a postpancreatitis sympathetic pleural effusion 
invariably has a low albumin content and albumin is an important 
criterion in making the diagnosis of pancreaticopleural fistula in 
which albumin content is high. 

Why is it high and where does the albumin come from? Why is it 
so different in the sympathetic effusion as contrasted to the 
pancreaticopleural fistula? 

FREDERIC E. ECKHAUSER, MD, Ann Arbor, Mich: It is reason- 
able to recommend surgical therapy of pancreaticopleural fistulas 
if two to four weeks of medical therapy combining both TPN and 
pharmacologic inhibition of pancreatic exocrine secretion fails to 
cause resolution of the problem. 

One of the difficulties that we have encountered in the past is the 
timing of intervention in these patients. Unfortunately, this point 
is controversial. Perhaps we should recommend that ERCP be 
performed early after the diagnosis in all of these patients to assess 
duct morphology. 

These patients can be categorized into those with and without 
ductal pathologic findings. By then treating them medically and 
following them up longitudinally, we can perhaps answer the 
question regarding early vs delayed surgical therapy. 

The authors suggest that surgical correction of the pancreat- 
icopleural fistula may prevent the development of other complica- 
tions of chronic pancreatitis. They described two patients who later 
developed complications unrelated to the pancreaticopleural fistu- 
las. In fact, these two patients had pancreaticopleural fistulas that 
resolved conservatively without the need for surgical intervention. 

Is the statement that was made conjecture, or, in fact, is there 
additional data to support this supposition? 

We have had experience recently using an analogue of somato- 
statin for treatment of pancreatic ascites and pancreaticocuta- 
neous fistulas. The action of this somatostatin analogue, near 
complete suppression of pancreatic exocrine secretion, suggests a 
possible role in the management of pancreaticopleural fistulas. 
Have the authors had any experience with this particular analogue 
or other pharmacologic inhibitors of pancreatic secretion in the 
management of these complex patients? 

HERBERT E. GREENLEE, MD, Maywood, Ill: The experience at 
the University of California at Davis parallels the observations of 
other authors in many respects. The diagnosis can be quickly and 
accurately made by the demonstration of elevated amylase and 
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protein levels in the pleural fluid. As there may be a lack of 
abdominal complaints and preponderance of thoracic symptoms, a 
high index of suspicion is necessary so that in the differential 
diagnosis, the possibility is considered that the pleural fluid may be 
of pancreatic origin. The favorable response of half of the authors’ 
patients to conservative management further supports this ap- 
proach initially for perhaps a two-week period. 

Pancreaticopleural effusions generally occur as a result of a 
posterior retroperitoneal leak of a pseudocyst or direct rupture of 
the pancreatic duct with tracking of the pancreatic fluid superiorly 
through the aortic and esophageal openings in the diaphragm with 
eventual rupture into one or both pleural cavities or, rarely, the 
pericardium. In the authors’ hands, the CT scan was successful in 
nine of the ten patients in not only identifying the pseudocyst but 
tracking the fistula up into the mediastinum. Inasmuch as the 
pseudocyst is decompressed by the retroperitoneal leak and is 
frequently small, it is reassuring that, contrary to some other 
reports, this method of imaging appears to be helpful and reliable. 

The basis of conservative treatment rests on evacuation of the 
pancreaticopleural effusions, putting the pancreas at rest, and the 
provision of adequate nutrition, usually in the form of parenteral 
alimentation. Is intermittent thoracentesis adequate or is tube 
thoracostomy with complete and continuous fluid evacuation more 
desirable in removing pleural fluid? 

Some reports have identified patients in whom pancreatic ascites 
and pancreatic pleural effusions have occurred simultaneously. 
Has the group at the University of California at Davis observed 
this? If so, would this alter your approach to these patients? 

I agree completely with the general operative approach as 
outlined by Pottmeyer et al. Radiographic demonstration of pan- 
creatic duct anatomy by preoperative ERCP or operative pan- 
creatography is essential not only to identify the precise source of 
the pancreatic leak but also to demonstrate associated ductal 
strictures or dilatations, which could be managed at the same 
procedure by internal drainage and/or resection. I conclude from 
the authors’ remarks that, particularly in the chronic pancreatitis 
setting, good long-term results are more likely if attention is paid 
to this associated pathology and the specific localized pancreatic 
leak. 

Perhaps the most interesting point brought out by Dr Pottmeyer 
relates to subsequent management of those patients whose initial 
medical management has been successful as measured by resolu- 
tion of the pancreatic pleural effusions. Can Dr Pottmeyer provide 
some fairly specific guidelines that would prompt him to intervene 
electively with a direct operation on the pancreas as opposed to 
waiting to see if recurrent symptoms occur? 

Davip B. SKINNER, MD, Chicago: I would like to discuss a 
variant of the pathology that also points out variable ways in which 
this condition can be managed. 

A chest roentgenogram of a 17-year-old student nurse with no 
risk factors showed a high amylase level in pleural effusion. At 
operation an actual fistula was found coming through the dome of 
the diaphragm. The operation was done through a left anterior 
thoracotomy and a right-sided subcostal incision. This was man- 
aged by simply interrupting the fistula and then performing the 
critical pancreatogram that showed the obstruction of the duct was 
at the ampulla. A simple sphincteroplasty was sufficient to drain 
the duct after the fistula had been amputated. 

This operation was done 16 years ago. We had a follow-up on her 
one year ago at the 15-year mark, and she has remained well with 
no further difficulty. The current chest roentgenogram was nor- 
mal. 

The important principles of management here are that duct 
drainage along with whatever else is done to interrupt the fistula is 
the critical part of the surgical management, and duct drainage can 
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be achieved in a variety of ways. 

In terms of the presentation we just heard, in the four cases of 
medically managed fistulas, did you document the fistula? If we 
have an ERCP that really shows a fistula going up into the chest, 
can we really hope for that to resolve with medical therapy, or 
should we think about earlier operation? 

LAWRENCE W. Way, MD, San Francisco: I underscore one of the 
major points of this presentation. Most of our patients with this 
problem are referred from elsewhere, and in several cases their 
previous treatment has entailed repeated thoracenteses and thor- 
acostomies over periods of months. The management of these 
patients exhibited far too much optimism in response to statements 
in the literature to the effect that the majority of cases resolve with 
drainage of the chest plus resting of the pancreas. 

I think Pottmeyer et al have shown that most patients require 
surgery, and that if the pleural effusion does not resolve promptly, 
surgery is indicated without prolonged delay. It is better, in my 
opinion, to approach the problem with the attitude that pancreatic 
surgery will probably be necessary, and that the initial steps in 
treatment will most likely be in preparation for an operation. Then 
occasionally one will be pleasantly surprised to find that surgery is 
not required. 

One other point concerns the method of delineation of the fistula 
by ERCP. The routine ERCP often gives such a faint picture of a 
small fistulous tract that its exact course may be impossible to 
follow. A useful trick is to perform a CT scan immediately after the 
ERCP, which will vividly demonstrate even the tiniest tract. This 
can be a real help if the fistula arises from the head of the gland, 
where the treatment would usually entail Roux-en-Y drainage 
rather than pancreatectomy. 

ALEXANDER J. WALr, MD, Detroit: These patients are uncom- 
mon and tend to be concentrated in certain institutions. We have 
seen quite a few. 

I would like to make two clinical points: The first is that anumber 
of these patients with a pleural effusion subsequently shown to 
emanate from the pancreas present without any abdominal symp- 
toms whatsoever. They may be virtually asymptomatic except for 
loss of weight. They happen to present with the fluid in their chest. 

The second point is that one cannot necessarily predict the site of 
the primary pancreatic lesion from the side on which the fluid is 
present. In other words, a patient may present with a right pleural 
effusion and have the lesion on the left side of the pancreas which, 
fortunately, is where the lesion is most often located. 

I believe that in those who require surgery—most of them do 
need to come to surgery—the best treatment is a resection of the 
tail and a portion of the body of the pancreas, depending on where 
the lesion is situated. I say that because the majority of these 
lesions are posterior, and it is, therefore, difficult to bring a jejunal 
loop up over the pseudocyst, which almost by definition is either 
small or nonexistent. In our series, we have preferred to resect the 
body and tail of the pancreas. Again, it is fortunate that most are on 
the left side. 

RICHARD PRINZ, MD, Maywood, Ill: Much of the discussion has 
pointed to a futility in medical management of this problem. I think 
we see this in the authors’ statements that they really did not do 
anything to inhibit pancreatic secretion. However, pancreatic 
secretion can be inhibited by hormonal therapy. Somatostatin is a 
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potent inhibitor of pancreatic exocrine secretion but because of it 
short half-life, it must be administered by a continuous intravenou 
drip. Newer, long-acting somatostatin analogues, which can be 
administered subcutaneously, are available to inhibit pancreatic 
secretion. We have treated six patients having either pancreatic 
ascites or pancreatic cutaneous fistulas with one of these somato- 
statin analogues, Compound 201-995, and have been able to control 
output from the pancreas in all of these cases. I think that better 
medical management allows us to control the pancreaticopleural 
fistula aspect of the problem and then deal with a lesser problem in 
the pancreas at a subsequent date. 

Dr POTTMEYER: With regard to Dr Yellin’s question, what we 
were actually measuring in the pleural fluid is total protein level. 
Cameron demonstrated an elevated albumin level in the fluid, 
which he felt was either due to irritation of the peritoneum or the 
pleura by the pancreatic secretions with a resultant transudate. 
He felt this was the source of the albumin. 

We really are unable to comment on the albumin level. The 
elevated protein level may be secondary to the pancreatic enzymes. 

With regard to Drs Eckhauser’s and Prinz’s comments, we have 
had no experience with somatostatin or any other antisecre- 
togogues. One of the troubles with a retrospective study is that the 
majority of our patients were treated before there was any in-depth 
research into the problem. 

Our statement that early surgery may be indicated was because 
of our observation that the recurrence rate of pseudocysts in the 
medically managed patients was high, which is analogous to the 
high incidence of recurrence in patients treated with external 
drainage. 

Whether somatostatin analogues prevent long-term complica- 
tions of the underlying pancreatic disease is doubtful. 

We believe that tube thoracostomy is both easier and of greater 
benefit to the patients in that it decompresses the pleural cavity 
and keeps it dry. Unfortunately, despite our attempts, we were 
unable to document any patients at our institution who had both 
pancreatic ascites and pleural effusion. Whether these patients 
were never referred to the surgical service and were treated as 
cirrhotics is unknown. 

With reference to Dr Skinner’s questions, in all of our cases of 
successful medical therapy, the fistulas were documented not only 
on pleural fluid analysis but also by CT scan demonstrating the 
extension of the pseudocyst through the hiatus. 

In two of our patients these fistulas resolved and at varying 
lengths of follow-up from two to five years have remained asympto- 
matic. Whether everyone who has a fistula that is documented to 
enter the thoracic cavity should receive surgery I think is an 
unresolved issue. 

Dr Walt makes an important point. If the fistula is exiting the 
pancreas posteriorly preventing application of a Roux-en-Y pan- 
creaticojejunostomy, then a resection of the pancreas distal to the 
fistula may be necessary. When the pseudocyst is very small or 
nonexistent, we recommend Roux-en-Y pancreaticojejunostomy, 
including the site of the pancreatic duct fistula. 

Dr Greenlee, we believe the presence of a stricture demon- 
strated on ERCP proximal to the pseudocyst or fistula indicates a 
need for operative intervention without waiting to see if symptoms 
recur. 
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è We followed up 112 patients in the University of Washing- 
ton Burn Center, Seattle, for the development of Clostridium 
difficile diarrhea. Diarrhea developed in 20 patients with a 
mean burn size of 42%, mean age of 38 years, and 49 mean total 
antibiotic days, for an incidence of 17%. Eleven patients had 16 
episodes of nonspecific diarrhea. Nine patients had 11 epi- 
sodes of C difficile—positive diarrhea and 15 episodes of non- 
specific diarrhea for an incidence of 45% of all patients with 
diarrhea. There were no differences in patient age, burn size, or 
length of stay between the groups. When the 31 episodes of 
nonspecific diarrhea were compared with the 11 episodes of 
C difficile diarrhea, there were no differences between the groups 
in temperature, albumin levels, or total number of antibiotic 
days preceding the episodes of diarrhea. The only significant 
finding that differed between the two types of diarrhea was the 
white blood cell count on the day of diagnosis. The nonspecific 
diarrhea was self-limited, requiring antimotility agents in 45% 
of the episodes. The C difficile diarrhea responded promptly to 
vancomycin hydrochloride, with resolution of symptoms in an 
average of 3.3 days. There were two recurrences, and both 
responded to a second course of vancomycin. 

(Arch Surg 1987;122:655-661) 


ooy burned patients frequently require the admin- 
istration of antibiotics therapeutically for documented 
infections or prophylactically to prevent graft or systemic 
infections in potentially contaminated burn wounds during 
excision and grafting. Mild diarrhea is a known, common 
adverse drug reaction associated with antibiotic therapy 
and is usually self-limited as normal bowel flora adapt to the 
new environment. A potentially life-threatening complica- 
tion of antibiotic therapy, however, is the development of 
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Patient 
Group 


All patients in ICU 
Patients with no diarrhea 
All patients with diarrhea 20 


No. of 
Patients 





Age, y 
36.3 + 22.3 
37.0 +22.5 
38.2 +24.4 



































*n=20. ICU indicates intensive care unit. All values are given in the form mean + SD. 
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Table 1.—Demographic Data of Burn Patients in the ICU* 


Burn Size, % 
22.4+ 26.0 
24.5+25.6 
41.8+30.0 
*ICU indicates intensive care unit. All values are given in the form mean + SD. 


Table 2.—Demographic Data for Patients With Diarrhea* 







No. of Stay in Total Length Total No. of Antibiotic 

Group Cause Patients Age, y Burn Size, % ICU, d of Stay, d Operations Days 
Nonspecific 49.2 + 22.8 37.2 +24.2 40.0 +23.1 56.2 + 29.4 3.5+3.9 40.7 +30.5 
2 Clostridium difficile 9 32.4 +24.6 47.0 +36.3 38.3 + 29.9 76.8 +47.7 4.3+5.9 54.1+39.7 


lostridium difficile Diarrhea in 
ritically Ill Burned Patients 


Baiba J. Grube, MD; David M. Heimbach, MD; Janet A. Marvin, RN, MN 


antibiotic-associated pseudomembranous colitis (AAPMC). 
Recent reports have implicated Clostridium difficile as the 
causal agent for most cases of AAPMC." Clindamycin, 
ampicillin, and cephalosporins are most frequently im- 
plicated as the causative agents, although many other an- 
tibiotics have also been implicated.*° Clostridium difficile 
diarrhea has also been noted in immunocompromised pa- 
tients undergoing chemotherapy without associated anti- 
biotic therapy.° 

The presentation of antibiotic-associated C difficile coli- 
tis varies from mild symptoms of diarrhea to full-blown 
toxic enterocolitis, which may cause severe watery diarrhea 
associated with septicemia and potentially may cause toxic 
megacolon, colon perforation, and death if diagnosis and 
treatment are delayed.” The diagnosis of C difficile 
AAPMC should be considered in any patient at risk with a 
changing clinical picture, which includes the onset of diar- 
rhea, abdominal pain, and fever. The clinical suspicion can 
often be confirmed by endoscopy with biopsy of mucosal 
plaques demonstrating pseudomembranes, ulcerated epi- 
thelium, and inflammatory exudate; stool cultures positive 
for C difficile; and/or a positive cytotoxin test or the finding 
of “fingerprinting” with barium enema.*” 

Although AAPMC has been increasingly recognized as a 
potentially fatal nosocomial infection in hospitalized pa- 
tients,™” there have been few studies reported in critically 
ill patients,*"* and there are no reported series among 
severely burned patients. The severely burned patient is at 
particular risk because he is subjected to a prolonged 
intensive care unit (ICU) stay, the use of multiple antibiot- 
ics, a prolonged hypermetabolic state, and severe immu- 
nosuppression. Furthermore, clinical criteria commonly 
used to diagnose AAPMC, such as fever, leukocytosis, 
diarrhea, ileus, and pain, may already be prominent symp- 
toms in the severely burned patient. Associated abdominal 
burns, an altered mental status, or the presence of an 

















Stay in Total Length Total No. of Antibiotic 
ICU, d of Stay, d Operations Days 
5.9+8.9 16.1+15.4 0.7+1.1 3.9+6.8 









9.3+12.8 
39.3 + 25.6 


19.8+18.2 
65.5+ 37.0 


6.6+10.7 
49.3+ 42.1 











3.9+4.8 
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Stool 





















Days Gastrointestinal Clostridium Stool 
Patient No./ Until Antibiotic Enteral Motility Stool Gram difficile C difficile Stool 
Episode No. Diagnosis Days Alimentation Drugs Smear Culture Toxin Pathogens 

1/1 4 23 None Maalox Plus ND Neg Neg ND 
2/1 2 37 FS OsmHN Neutra-Phos ND Neg Neg ND 
3/1 2 1 1/2S OsmHN None NWBC, 4+ FF Neg Neg Neg 
4/1 2 6 FS OsmHN None NWBC, 4+ FF Neg Neg Neg 
5/1 1 2 FS OsmHN None NWBC, 4+ FF Neg Neg Neg 
6/1 1 15 FS TC Neutra-Phos NWBC, 4+ FF Neg Neg Neg 
7/1 2 96 FS TC None ND Neg Neg ND 
7/2 1 107 FS TC Aminophylline NWBC, 4+ FF Neg Neg Neg 
8/1 1 43 FS TC None NWBC, 4+ FF Neg Neg ND 
8/2 1 45 FS TC Docusate sodium NWBC, 4+ FF Neg Neg ND 
9/1 1 5 FS TC Neutra-Phos NWBC, 4+ FF Neg ND Neg 
9/2 1 6 FS EN and Citro Neutra-Phos NWBC, 4+ FF Neg Neg Neg 
10/1 2 5 1/2S OsmHN Neutra-Phos NWBC Neg Neg ND 
10/2 2 13 FS OsmHN Neutra-Phos and NWBC Neg Neg Neg 

polystyrene sodium 

sulfonate 
11/1 1 19 FS TC None ND Neg Neg Neg 
11/2 3 27 3/4S TC None NWBC, 4+GNR Neg Neg Neg 
12/2 FU for. 13 3/4S OsmHN None NWBC Neg Neg ND 

foul stools 

13/1 1 7 FS TC Neutra-Phos NWBC Neg Neg ND 
14/1 3 2 Oral supplementation Lactulose NWBC Neg ND ND 
14/3 1 13 Oral supplementation None ND Neg ND Neg 
15/1 1 2 Similac None NWBC, 4+GNR ND ND Neg 
15/3 1 10 Similac None ND Neg Neg ND 
16/1 2 8 FS TC Docusate sodium ND Neg ND Neg 
17/1 5 29 FS TC Neutra-Phos NWBC Neg ND ND 
17/2 5 53 3/4 OsmHN Neutra-Phos NWBC Neg Neg Neg 
17/3 5 FS TC Calcium carbonate +WBC, 4+GNR Neg Neg Neg 
17/4 2 158 FS OsmHN None ND Neg Neg ND 
18/1 3 33 FS EN None ND ND Neg ND 
18/3 2 71 FS TC None NWBC, 4+ FF Neg Neg ND 
18/5 3 94 1/2S TC None NWBC Neg ND Neg 
18/6 3 103 FS TC Polystyrene sodium NWBC Neg Neg Neg 

sulfonate 
Mean 2.1 35.6 
SD 1.3 39.5 


“WBC indicates white blood cell; ND, not done; Neg, negative for Salmonella, Shigella, Aeromonas, and Campylobacter; HCL, hydrochloride; FS, full 
strength; OsmHN, Osmolite HN; 1/2S, half strength; NWBC, negative for white blood cells; FF, fecal flora; TC, TraumaCal; EN, Ensure; Citro, Citrotein; 3/4S, 


three fourths strength; GNR, gram-negative rods; and FU, follow-up. 


endotracheal tube may obscure findings on physical ex- 
amination and may make an accurate history difficult to 
obtain; the picture may be further compounded by concur- 
rent administration of hyperosmotic enteral feedings and 
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drugs that alter gastrointestinal flora and motility. 

We prospectively evaluated 112 patients admitted to the 
ICU of the University of Washington Burn Center, Seattle, 
from July 1985 through June 1986 to determine the inci- 
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WBC 
Count, Albumin 
2mperature, x 10°/mm* Concentration, 








°C (x 109/L) g/dL (g/L) Treatment 

37.3 11.6 3.2 (32) Diphenoxylate HCL and 
atropine 

38.4 12.2 1.9 (19) Loperamide HCL 

37.5 5.0 3.2 (32) None 

38.5 10.9 1.8 (18) Diphenoxylate HCL and 
atropine 

37.5 7.6 2.0 (20) None 

39.2 20.9 2.0 (20) None 

38.2 10.8 1.6 (16) Diphenoxylate HCL and 
atropine 

37.3 10.8 2.2 (22) Diphenoxylate HCL and 
atropine 

Y 37.2 6.2 1.7 (17) None 

39.3 10.1 1.6 (16) None 

38.9 14.3 4.2 (42) None 

38.4 12.7 2.5 (25) Diphenoxylate HCL and 
atropine 

38.9 9.8 1.9 (19) Diphenoxylate HCL and 
atropine 

38.6 10.7 1.5 (15) Diphenoxylate HCL and 
atropine 

38.6 10.1 1.6 (16) None 

40.1 11.1 1.6 (16) Diphenoxylate HCL and 
atropine, loperamide HCL, 
and vancomycin HCL 

38.7 ND ND None 

37.7 10.9 1.8 (18) Diphenoxylate HCL and 
atropine 

36.9 5.2 ND None 

37.7 10.8 ND None 

39.5 ND ND None 

37.9 13.4 ND None 

37.4 17.7 ND Diphenoxylate HCL and 
atropine 

38.9 15.6 1.5 (15) Diphenoxylate HCL and 
atropine 

37.7 10.0 1.4 (14) Diphenoxylate HCL and 
atropine 

38.9 14.9 1.2 (12) Diphenoxylate HCL and 
atropine 

37.5 11:2 2.8 (28) None 

39.7 17.4 1.4 (14) None 

38.0 10.0 1.5 (15) None 

37.0 2.4 1.9 (19) None 

37.3 3.1 1.7 (17) None 

38.2 10.9 2.0 (20) 

0.8 4.2 0.7 (7) 


dence and outcome of patients with antibiotic-associated 
diarrhea. 

Results were analyzed in the hope of answering two ques- 
tions: (1) Were there any identifying characteristics of the 


Arch Surg—Vol 122, June 1987 


patients in whom C difficile diarrhea developed? (2) Were 
there any identifying characteristics of C difficile diarrhea 
to separate it from episodes of nonspecific diarrhea? 


PATIENTS AND METHODS 


One hundred twelve patients were admitted to the ICU of the 
Washington Burn Center from July 1985 through June 1986. All 
patients were prospectively followed up for the development of 
diarrhea. Diarrhea was diagnosed when there was a change in the 
consistency of stool from solid to liquid, when there was an increase 
in the frequency of stools to twice baseline, or when patients 
passed more than three stools per day if they had previously had 
infrequent bowel movements. If diarrhea occurred, all the patient's 
stools were evaluated for the presence of C difficile in culture and/ 
or the presence of C difficile cytotoxin. In addition, two patients 
with C difficile diarrhea had evaluation with endoscopy. In 20 of 42 
episodes of diarrhea, stools were also screened for other pathogens, 
including Salmonella, Shigella, Aeromonas, and Campylobacter, to 
exclude the possibility of another bacterial cause of diarrhea. 

Since C difficile colitis is associated with antibiotic usage, the 
total number of antibiotic days preceding each episode of diarrhea 
was determined for each patient. Since many patients were treated 
with multiple simultaneous antibiotics, a patient treated with two 
simultaneous antibiotics for seven days was considered to have 14 
antibiotic days. All data are expressed as mean + SD. Statistical 
analysis was performed using the unpaired Student's t test. 


RESULTS 


Of 112 patients, 20 were identified who had at least one 
episode of diarrhea. The demographics of the 112 patients 
are shown in Table 1 and are compared with those of all 
patients with at least one episode of diarrhea. Patients with 
any form of diarrhea had larger burns and longer ICU stays 
as well as longer overall hospital stays, a greater number of 
surgical procedures, and more days of antibiotics. 

The cause of diarrhea was sought in all 20 patients. There 
was a total of 42 episodes of diarrhea, and during each 
episode, stools were analyzed by C difficile cultures and/or 
toxin titers. Patients were then separated into two groups 
based on the presence or absence of C difficile during any 
episode of diarrhea. Eleven patients, group 1, experienced 
16 episodes of diarrhea, all negative for C difficile, and were 
categorized as having nonspecific diarrhea. Nine patients, 
group 2, experienced at least one episode of C difficile- 
associated diarrhea. In this group there was a total of 26 
episodes of diarrhea, and in 11 of these, C difficile organisms 
or toxin was recovered from the stool. 

The demographics of all patients with diarrhea from 
either nonspecific sources or associated C difficile are 
shown in Table 2. There was no significant difference in 
burn size, length of stay, number of operations, or age 
between patients with nonspecific and C difficile diarrhea. 

Since there seemed to be no striking differences between 
patients in groups 1 and 2, we attempted to distinguish the 
clinical variables between episodes of nonspecific diarrhea 
and C difficile diarrhea. Among all patients there were 31 
episodes of nonspecific diarrhea (group A) (Table 3) and 11 
episodes of diarrhea associated with positive cultures and/ 
or toxins for C difficile (group B) (Table 4). 

The number of antibiotic days preceding episodes of 
diarrhea was similar in both groups, with a mean of 36 days. 
The actual number of antibiotic days independent of the 
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total number of antibiotics administered on a given day was 
also determined. For the nonspecific group the mean was 
19.3+17.6 days, and for the C difficile group, 18.0+ 22.3 
days. These values were not significantly different. The 
mean number of days from the time of burn to the onset of 
diarrhea was 37.4+35.3 days in group A and 46.8+58.6 
days for group B. Hypermotility drugs, such as Neutra- 
Phos, polystyrene sodium sulfonate (Kayexalate), antacids, 
or aminophylline, were used concurrently in 17 of 31 epi- 
sodes of nonspecific diarrhea and in three of 11 episodes 
associated with C difficile. Preceding virtually all episodes 
of diarrhea in both groups A and B, patients were receiving 
substantial amounts of hyperosmolar enteral feeding. 

The mean highest temperature recorded during episodes 
was not different (38.2°C+0.8°C for nonspecific and 
38.2°C +1.1°C for C difficile), nor were there differences in 
mean serum albumin levels (2.0+0.7 g/dL [20+7 g/L], 
nonspecific; and 2.0+ 0.4 g/dL [20 + 4 g/L], C difficile). The 
only laboratory finding that was different was the 
white blood cell (WBC) count during the episode. For group 
A, the mean WBC count on the day of culture was 
10 900+ 4200/mm* (10.9+4.2x10°/L), and for group B, 
16500+7700/mm* (16.5+7.7x10°/L), a significant differ- 
ence (P<.01). The ranges overlapped sufficiently, however 
(2400 to 20 900/mm‘* [2.4 to 20.9 x 10°/L], group A; and 6900 to 
27 600/mm‘* [6.9 to 27.6 x 10°/L], group B), so that the WBC 
count did not make a useful discriminator for any given 
patient. Stool gram smears for leukocytes were obtained 
during 26 of the 42 episodes. Only one was positive, and that 
was in a patient with self-limiting nonspecific diarrhea. 

The diagnosis of the 11 episodes of C difficile—-associated 
diarrhea was determined in four of the episodes on the basis 
of stool cultures, in two episodes from positive toxin titers, 
and in five episodes from the combination of both positive 
stool cultures and toxin titers. Of the patients in whom 
C difficile diarrhea developed, four had perineal burns, two 
were septic and intermittently hypotensive, two were chil- 
dren, one was in bilateral lower-extremity skeletal traction, 
and one had extreme cutaneous sensitivity. Endoscopy was 
not practical in these patients because manipulation or 
positioning was mechanically awkward, extremely painful, 
or physically or hemodynamically hazardous; therefore, 
sigmoidoscopy was performed in only two patients. In one 
patient it was nondiagnostic and in the other it showed 
resolving colitis. 

All patients with C difficile—associated diarrhea were 
treated with vancomycin hydrochloride (Table 5). In eight 
of 11 episodes the patients were treated with only oral 
vancomycin with resolution of the diarrhea in a mean of 
3.8+2.4 days. Two patients had associated gram-negative 
septicemia and were treated with a combination of oral and 
parenteral vancomycin. Clostridium difficile—associated 
diarrhea developed in another patient while he was under- 
going antibiotic therapy for enterococcus septicemia with 
intravenous ampicillin sodium, which was changed to in- 
travenous vancomycin, resulting in prompt resolution of the 
diarrhea. There were two recurrences, one six days after 
discontinuation of treatment and a second 17 days after 
cessation. Each responded promptly to a second course of 
enteral vancomycin. 
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Table 4.—De 









Days 
Patient No./ Until Antibiotic 
Episode No. Diagnosis Days 












3/4S OsmHN 


13/2 1 18 FS TC 

14/2 1 4 Oral supplementation 
15/2 1 10 Similac 

16/2 4 12 FS TC 

16/3 2 23 FS TC 

17/5 1 181 Oral supplementation 
18/2 2 51 FS EN 

18/4 2 79 FS TC 

19/1 3 8 FS OsmHN 

20/1 1 2 Oral supplementation 
Mean y 35.5 

SD 1.0 53.8 


Table 5.—Vancomycin Hydrochloride Treatment of Patients 
With Clostridium difficile—Associated Diarrhea 
Vancomycin Hydrochioride 
Oral Intravenous 


PEI pe fy 


nik 


ae 


*Pediatric patient dosage based on weight. 


A variety of antibiotics was used either singly or multiply. 
There were only two episodes associated with single-anti- 
biotic usage—one with amoxicillin trihydrate and the other 
with nafcillin sodium. In two other patients, two antibiotics 
preceded the event. In both episodes, the antibiotics were 
cefazolin sodium and ampicillin sodium. The remaining 
seven episodes of diarrhea were preceded by a variety of 
antimicrobial combinations, including nafcillin sodium, to- 
bramycin sulfate, ampicillin sodium, cefazolin sodium, cef- 
oxitin sodium, mezlocillin sodium, amikacin sulfate, 
cefotaxime sodium, clindamycin phosphate, and metro- , 
nidazole hydrochloride. 
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Stool 
Gastrointestinal Clostridium Stool 

Motility Stool Gram difficile C difficile Stool 

Drugs Smear Culture Toxin Pathogens 
None ND ND 1/1000 ND 
None NWBC, 4+ FF 3+ 1/100 ND 
Lactulose NWBC 2+ 1/10 ND 
None NWBC, 4+ FF 2+ ND Neg 
None ND 2+ 1/1000 ND 
Neutra-Phos ND 3+ 1/1000 ND 
None ND 3+ Neg ND 
None ND 3+ 1/1000 Neg 
Neutra-Phos ND ND 1/1000 ND 
None NWBC, 4+FF 3+ ND Neg 
None ND 1+ ND ND 


Episodes of Diarrhea With Positive Cultures and/or Toxins for Clostridium difficile (Group B)* 


WBC 
Count, Albumin 
Temperature, x10°/mm* Concentration, 

°C (x 109/L) g/dL (g/L) Treatment 

39.4 7.3 ND Vancomycin HCL 

39.5 13.7 1.8 (18) Vancomycin HCL 

36.1 6.9 ND Vancomycin HCL 

38.0 ND ND Discontinued antibiotics, 
vancomycin HCL 

38.0 10.0 2.0 (20) Vancomycin HCL 

38.2 18.2 ND Vancomycin HCL 

38.5 26.0 2.5 (25) Discontinued antibiotics, 
vancomycin HCL 

37.4 25.4 1.9 (19) Vancomycin HCL 

39.0 27.6 1.3 (13) Vancomycin HCL 

36.9 15.7 2.4 (24) Vancomycin HCL 

39.6 13.7 1.8 (18) Discontinued antibiotics, 
vancomycin HCL 

38.2 16.5 2.0 (20) 

1.1 7.7 0.4 (4) 


*WBC indicates white blood cell; 3/4S, three-fourths strength; OSsmHN, Osmolite HN; ND, not done; HCL, hydrochloride; FS, full strength; TC, TraumaCal; 
NWBC, negative for white blood cells; FF, fecal flora; Neg, negative for Salmonella, Shigella, Aeromonas, and Campylobacter; and EN, Ensure. 


There were four deaths in the group of patients with 
nonspecific diarrhea (group 1, Table 2) compared with two 
deaths in the C difficile group (group 2, Table 2). The deaths 
in group 1 resulted from candidiasis in one patient, bacterial 
sepsis in a second, and cardiopulmonary failure in two 
others. The deaths in the C difficile group occurred from 
overwhelming bacterial sepsis in both patients. In one 
patient, therapy for C difficile colitis was ongoing, but no 
postmortem examination was performed. 


COMMENT 


Clostridium difficile is a spore-forming, gram-positive, 
anaerobic bacillus that has been implicated in antibiotic- 
associated colitis since the late 1970s.*® Although the 
normal adult population has a low prevalence of C difficile in 
the stool,’”” there is 20% retrieval of C difficile from stool of 
asymptomatic adults who have been treated with antibiot- 
ics.” Normal asymptomatic infants also may have high 
levels of C difficile in stool, up to 50% in those less than 7 
months of age and 10% to 30% in those between 7 and 24 
months of age,” making diagnosis of the disease problem- 
atic in this patient population. 

The complex interaction among the normal flora of the 
intestine, antibiotics, other drugs that affect the microbial 
milieu, and procedures that alter motility may each contrib- 
ute to the proliferation of potential pathogens. Antibiotics 
predispose patients to the development of C difficile colitis 
by altering the normal intestinal flora. Although significant 
biochemical and cellular effects of C difficile have been 
delineated, the precise pathophysiology remains elusive. 
Extensive characterization of C difficile has identified at 
least three toxins: toxin A, enterotoxin; toxin B, cytotoxin; 
and a motility factor. Toxin A leads to increased secretion of 

‘fluid and hemorrhagic necrosis, but there is no available 
toxin assay.” Toxin B, for which there is an assay, leads to 
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the disruption of cellular actin fibers.” Recently, a motility 
factor has been isolated, but its role presently is unknown.” 

The clinical features of C difficile colitis include, most 
prominently, diarrhea. The majority of patients also have 
associated fever and leukocytosis.” The symptoms may 
occur during or after cessation of antibiotic therapy.” 
Colitis has been reported more frequently in patients older 
than 60 years,” female patients,” cancer patients,” and 
patients undergoing gastrointestinal surgery.” 

The diagnosis of C difficile colitis can be made by 
endoscopic findings of ppseudomembranes on sigmoidoscopy 
or colonoscopy and biopsy of the plaques.” Laboratory 
diagnosis can be made on the basis of C difficile in stools 
with selective media. A positive correlation has been found 
in 85% of symptomatic patients previously treated with 
antibiotics.’ Cytotoxin assay has revealed C difficile in 95% 
of the cases of pseudomembranous colitis.” Negative toxin 
titers in symptomatic patients with positive C difficile 
cultures have been previously reported.” This may be due 
to the low levels, inappropriate storage, and the lack of an 
assay for toxin A.” Although radiologic findings on barium 
enema have shown characteristic findings such as finger- 
printing, irregular mucosal surfaces, and increased haus- 
tral markings, these can be hazardous and are generally not 
recommended.” 

Several studies have tried to correlate the endoscopic 
findings with positive C difficile cultures and/or cytotoxin 
levels.” There is, however, great variability in these diag- 
nostic variables.” In one study all three variables were 
positive in only 44% of the patients examined.’ 

Therapeutic alternatives include discontinuation of the 
offending antibiotic; specific treatment of C difficile with 
vancomycin,” metronidazole,™ or bacitracin; or anion 
exchange resin, such as a cholestyramine, to bind to toxin.” 

In this series of patients, the usual clinical findings were 
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difficult to follow, except for the change in bowel function. 
Generally, severely burned patients are treated during the 
initial shock and recovery phase with nasogastric suction, 
hourly high-dose antacids, H-2 blockers, oral nystatin, and 
high-dose narcotics, all of which contribute to alterations in 
the gastrointestinal flora and motility. Once peristalsis 
returns, enteral feedings with hyperosmotic solutions are 
initiated. The prolonged length of time for recovery from 
substantial thermal injuries leads to exposure both to 
endogenous and exogenous bacterial infections that fre- 
quently require broad-spectrum antibiotic therapy. It has 
been previously shown that immunocompromised cancer 
patients are susceptible to the development of C difficile 
colitis even without antibiotic therapy. These critically ill 
burned patients are at risk for C difficile colitis because of 
altered gastrointestinal flora and motility, exposure to 
multiple antibiotics, and severely immunocompromised 
state. In this series of patients, C difficile colitis was found 
to occur in 45% of all patients with diarrhea but in 26% of all 
episodes of diarrhea. Previous studies reported an overall 
high mortality rate for critically ill patients when other 
antibiotic therapy was withdrawn without the addition of 
specific treatment directed at C difficile.” The early 
diagnosis and treatment in our series of burned patients 
with C difficile—positive stool cultures and/or toxin levels 
with 500 mg/d to 2 g/d of vancomycin resulted in the rapid 
resolution of all cases of diarrhea. Treatment with oral 
vancomycin at dosages from 500 mg/d to 2 g/d has been 
reported to be equally effective.” In severely ill patients 
with decreased intestinal motility, intravenous vancomycin 
has been used, but the concentrations in the bowel have 
been unpredictable.” Our patients showed improvement of 
symptoms as early as 24 hours after treatment, with a mean 
of three days. The recurrence rate in our series was 22%, 
which is similar to rates reported in the literature.” 

Among 112 burn patients treated in the ICU setting, 
diarrhea was not a common event despite large amounts of 
enteral feedings. Twenty patients had diarrhea, for an 
overall incidence of 17% of total admissions. Nine of 20 
patients had C difficile colitis, for an incidence of 45% of all 
patients with diarrhea. The total number of C difficile- 
associated diarrhea episodes was 11 compared with 31 non- 
specific episodes, for an incidence of 26% of all episodes of 
diarrhea. 

The clinical signs and symptoms were not helpful in this 


_ critically ill patient population. Although endoscopy is the 


' “gold standard” for diagnosis, this was generally not feasi- 
- ble due to mechanical or physiologic problems. In these pa- 
tients, the diagnosis must be presumed on the basis of new 
onset of diarrhea with a positive culture and/or toxin titer. 
Nonspecific diarrhea was self-limited but needed the 


administration of antimotility agents in 45% of the episodes. 


Early diagnosis of C difficile diarrhea and treatment with 
vancomycin resulted in the rapid resolution of symptoms. 
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Discussion 


GLENN D. Warben, MD, Cincinnati: I congratulate the authors 
on a well-prepared article and an excellent presentation. They have 
brought to our attention yet another potentially lethal oppor- 
tunistic infection that may occur in thermally injured patients. 

At the Shriners Burns Institute in Cincinnati, we have found the 
occurrence of diarrhea in the pediatric burn patient to be a very 
common and frequently perplexing problem. With the emphasis on 
early feeding and the high energy requirements in relation to burn 
size and body weight in the pediatric burn patient, diarrhea has 
become a more common occurrence. 

The occurrence of diarrhea at Shriners is approximately 40%. If 
a single day of diarrhea is counted as an episode, and using the 
criteria for diarrhea outlined by the authors, then the incidence of 
diarrhea in the pediatric population approaches 80% to 90%. 

It is obvious that altered gastrointestinal tract flora in an 
immunosuppressed patient is responsible for C difficile over- 
growth. Although the authors emphasize antibiotics as the 
causative factor, I wonder if enteral feedings may be an even 
stronger determinant, as all the patients were receiving enteral 
hyperalimentation. 

Also, since diarrhea in this series was relatively mild with no 
cases of severe pseudomembranous colitis, I wonder what the true 
incidence of C difficile colonization is in severely burned patients. 

Controversy still exists in the literature about whether a positive 
cytotoxin level is necessary for the diagnosis of clinically relevant 
C difficile infections. 

I have several questions for the authors: 

1. Were the antibiotics given to the patients prior to the develop- 
ment of diarrhea for specific infections or were some of them given 
as perioperative antibiotics for excisional procedures? If the 
patients received perioperative antibiotics, would the authors 
speculate on the use of perioperative antibiotics in burn patients 
and their risk-benefit potential? Did the C difficile group have 
more severe diarrhea than the control group? 

2. It appears that all the patients in whom diarrhea developed 
were receiving enteral alimentation. How many of the patients 
without diarrhea received enteral alimentation? Also, was the 
enteral alimentation decreased or stopped during the treatment of 
the C difficile infections? 

3. Since the incidence of diarrhea is very high in patients with 
major burns who receive enteral alimentation, do the authors now 
recommend obtaining C difficile cultures and ascertaining cyto- 
toxin levels in all patients with diarrhea? 

4. In pediatric patients, the incidence of cultures positive for 
C difficile approaches 30% to 50% in the normal population. Should 
these patients be treated with vancomycin when a positive culture 
is obtained, or should this be substantiated with roentgenograms? 

BASIL A. Pruitt, Jr, MD, Fort Sam Houston, Tex: I enjoyed Dr 
Grube and colleagues’ study, but I think we need additional 
information to evaluate the data presented and to determine 
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whether C difficile really made any difference in the hospital 
course and outcome of these patients. As I understand the data, 
some patients with C difficile had episodes of diarrhea that were 
considered to be caused by that organism but other episodes of 
diarrhea that were not attributed to that organism. To evaluate the 
conclusions, we will need to know the concordance of cultural data 
with the episodes of diarrhea that you finally credited to C difficile. 
It would also be helpful if you could tell us in what fraction of all 
burn patients C difficile can be recovered from stool cultures. 
Lastly, I wonder how one should assess the effect of C difficile on 
mortality in these patients, since your data indicate that the 
mortality of the patients with C difficile diarrhea was less than the 
mortality of those patients with nonspecific diarrhea. 

Dr Hermpacu: I thank both Drs Warden and Pruitt for their 
incisive comments. 

We did this study because the literature is filled with cases of 
people dying of C difficile diarrhea as a nosocomial infection. Since 
we did not want our patients to die of C difficile sepsis and 
diarrhea, we decided to see if it really was a problem. We found that 
it occurs about 20% of the time in our patients who have diarrhea 
from all causes. 

There were lots of cultures done. Some of the patients with 
positive cultures may well have had nonspecific diarrhea, but when 
we called it nonspecific diarrhea, they did not have C difficile 
diarrhea. We are not stating that there is definitely a causal effect 
between finding the C difficile endotoxin or bacteria in the stool 
and diarrhea. What we are saying is that if C difficile isa potential 
major problem, it can be headed off with fairly innocuous treat- 
ment. We had no significant problems when treating people with an 
oral course of either vancomycin or metronidazole, 

As far as C difficile diarrhea improving mortality—Dr Pruitt, 
knowing your rigorous statistical approach, I am surprised you 
would say such a thing when the differences were clearly neither 
statistically nor biologically significant. 

Dr Warden asked us about prophylactic antibiotics. About 20% 
of the antibiotic days that we calculated were a result of prophylac- 
tic antibiotics. It is our habit to give patients about to undergo 
grafting procedures a perioperative dose of antibiotics. Whether or 
not this is effective has not been shown, although one study 
indicates that patients with burn sizes greater than 50% have a 
smaller incidence of graft loss when prophylactic antibiotics are 
given. It probably does not make any difference in patients with 
burns smaller than that. 

Regarding enteral feedings, virtually all of our patients were 
receiving enteral feedings. A few of our patients were in the ICU 
for a relatively short period of time. These were usually either 
patients who had had smoke inhalation or airway obstruction and 
required intubation or patients with electrical burns who were 
monitored for only a few days. All the rest of our patients received 
enteral feeding either by tube feeding or by high-energy supple- 
ments to their food. Cue ie ey 

How about C difficile treatment for everybody with diarrhea 
while waiting for results? Yes, I think if you believe that untreated 
C difficile makes sick patients even sicker and that the treatment is 
innocuous, it might be sensible to start treatment and send off the 
stool. Rie 

What about the overall incidence in all patients with burns? I 
think that might be a useful and interesting study. We know that 
about 3% of the general population carries C difficile. We also know 
that in children the incidence is much higher. I submit to Dr | 
Warden that with a high baseline incidence in children, perhaps he 
ought to do routine baseline stool tests in all of his children when 
they are admitted, and if they have positive C difficile toxins or 
organisms and then diarrhea develops, I think it would be safe and 
prudent to treat such individuals. Given such a plan, C difficile 
might become a relative nonproblem in the ICU setting. 
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Simultaneous Treatment of Chronic 


Pancreatitis and Pancreatic Pseudocyst 


John S. Munn, MD; Gerard V. Aranha, MD; Herbert B. Greenlee, MD; Richard A. Prinz, MD 


è Records from 87 consecutive patients undergoing lateral 
pancreaticojejunostomy (LPJ) for chronic pancreatitis were 
reviewed to determine the incidence of pseudocyst and the 
safety of combined pancreatic duct and pseudocyst drainage. 
Twelve patients had undergone previous pancreatic pseudo- 
cyst drainage; four of them also had pancreatic pseudocysts 
present at the time of LPJ. In addition, 22 patients had pseudo- 
cysts identified preoperatively and/or confirmed at operation. 
The overall incidence of pseudocyst was 39%. Twenty-six 
patients (group 1) underwent pancreaticojejunostomy com- 
bined with pseudocyst drainage. Sixty-one patients (group 2) 
underwent pancreaticojejunostomy only. Operative morbidity 
and mortality results (19% and 8%, respectively, in group 1; 18% 
and 2%, respectively, in group 2) were similar. Patient outcome 
was also similar in the two groups (81% and 84% of patients 
obtained pain relief in groups 1 and 2, respectively). There were 
no pseudocyst recurrences in either group. Thus, there is a 
high incidence (39%) of pancreatic pseudocyst in patients 
undergoing LPJ for chronic pancreatitis. Combined drainage 
of the pancreatic duct and pseudocyst is safe and effective. 

(Arch Surg 1987 ;122:662-667) 


Anas it is generally agreed that complications of 
pancreatitis such as pseudocyst, abscess, and ascites 
should be treated surgically, certain aspects of the manage- 
ment of these problems remain unclear. One challenging 
area involves patients with chronic pancreatitis who are 
found to have pancreatic pseudocysts on preoperative radi- 
ologic studies or at the time of surgery. This clinical problem 
has not received a great deal of attention in the literature. 
Recent encounters with patients of this type have prompted 
us to review our experience with lateral pancreaticoje- 
junostomy (LPJ) to determine (1) the incidence of pancre- 
atic pseudocyst in patients undergoing LPJ for chronic 
pancreatitis and (2) the feasibility, safety, and efficacy of 
simultaneous drainage of the pseudocyst and the pancreatic 
duct. 


PATIENTS AND METHODS 


A review of patient records at the Loyola University Medical 
Center, Maywood, Ill, and the Hines (Ill) Veterans Administration 
Hospital disclosed 87 patients who had undergone LPJ for chronic 
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pancreatitis during the ll-year period from 1975 to 1985. The group 
consisted of 79 men and eight women. The patients’ ages ranged 
from 20 to 71 years (mean age, 47 years). Chronic pancreatitis was 
attributed to alcohol abuse in 85 patients, although 15 patients had 
both excessive alcohol consumption and cholelithiasis. The cause of 
pancreatitis was idiopathic in two patients. 

The clinical features of the 87 patients are summarized in Table 1. 
All patients complained of abdominal pain. The pain was often 
chronic and debilitating. It was usually epigastric and occasionally 
radiated to the back. Twenty percent of the patients were acutely 
ill with nausea and vomiting. Steatorrhea, often requiring pancre- 
atic enzyme replacement, was present in 26% of the patients. 
Twenty-four percent of the patients were diabetic. A weight loss 
of 4.5 kg or greater was described by one third of the pa- 
tients. Physical examination disclosed abdominal tenderness in 
35% of the patients. Laboratory evaluations revealed hyperamyla- 
semia (>250 U/L) in 25% and a white blood cell count greater than 
11 000/mm (11 x 10°/L) in 21% of patients. 

Chronic pancreatitis was suspected by calcification demon- 
strated on plain abdominal x-ray films in 31% of the patients. 
Chronic pancreatitis was suggested by calcification, gland enlarge- 
ment, or ductal dilation demonstrated on 41 sonograms and 29 
computed tomographic (CT) scans. Endoscopic retrograde cho- 
langiopancreatography (ERCP) was attempted in 69 patients. 
Pancreatic duct cannulation was possible in 55 patients, revealing 
either the classic “chain-of-lakes” pattern or a pancreatic ductal 
“cutoff” sign. 

Preoperative ultrasonography was performed in 19 patients who 
had a pseudocyst confirmed at operation. A preoperative diagnosis 
was made in 17 patients. Likewise, a preoperative CT scan was 


Table 1.—Clinical Characteristics* 


% of Patients 





Total Group 1 Group 2 














Amylase level 
| >250 U/L 


White blood cell count 
>10 000/mm? (10 x 109/L) 


*Data are based on 87 patients. Average age overall was 47 years; group 1, 
45 years; and group 2, 48 years. 
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obtained in 12 patients with pseudocysts confirmed at operation. 
The CT sean correctly identified pseudocysts in 11 of the 12 
patients; the scan of one patient is reproduced in Fig 1. Endoscopic 
retrograde cholangiopancreatography was attempted in 21 pa- 
tients with pseudocysts. Duct cannulation was possible in 15 
patients; the pseudocyst was opacified in five of these patients. One 
angiogram correctly identified a pancreatic pseudocyst. Sono- 
grams in five patients and CT scans in two patients were sug- 
gestive of pancreatic pseudocysts, but no pseudocysts were de- 
tected at the time of surgical exploration. Suspected pseudocysts 
either were not found at surgery (two cases) or turned out to be 
dilated pancreatic ducts (five cases). 

All patients underwent LPJ performed as previously described.’ 
The pancreatic duct was filleted open anteriorly from the head to 
the tail of the gland, and internal drainage was achieved by a side- 
to-side anastomosis with a Roux-en-Y jejunal loop. Patients were 
separated into two groups: group 1, consisting of patients undergo- 
ing simultaneous pseudocyst drainage and LPJ ; and group 2, 
consisting of patients undergoing LPJ without pseudocyst drain- 
age. In addition, 17 patients from the total group of 87 patients also 
underwent gastric and/or biliary bypass for concomitant obstruc- 
tive processes. 


RESULTS 


The results are summarized in Table 2. Group 1 consists of 
26 patients who had pancreatic pseudocysts identified 
either preoperatively (n=21) or intraoperatively (n=5). 
Four of these patients had undergone previous surgical 
treatment for pancreatic pseudocysts, while 22 patients had 
pseudocysts drained for the first time during LPJ. Eight of 





Fig 1.—Computed tomographic scan showing chronic pancreatitis. 
Note pseudocysts in head and tail of pancreas (narrow arrows) and 
dilated pancreatic duct (broad arrow). 


Table 2.—Incidence of Pseudocyst* 







Group 1 Group 2 
(LPJ/Pseudocyst Drainage) (LPJ Only) 
No. of patients 26 (30%) 61 
Primary pseudocysts 22 0 
Previous pseudocysts 4 8 (9%) 
No pseudocysts 0 53 









*LPJ indicates lateral pancreaticojejunostomy. Overall incidence of pseu- 
docyst is 39%. 
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the 61 patients in group 2 had previously undergone surgery 
for pseudocyst drainage and had no evidence of pseudocyst 
recurrence at the time of LPJ. Thus, the overall incidence of 
pancreatic pseudocysts in patients undergoing pancreatic 
ductal drainage is 39%. Twenty patients had previous 
surgical procedures for complications of pancreatitis. In 
addition to the 12 patients undergoing pseudocyst drainage, 
eight patients had previous surgical procedures for compli- 
cations of pancreatitis. These procedures included distal 
pancreaticojejunostomy (n=6), pancreatic abscess drain- 
age (n=1), and choledochoduodenostomy (n=1). Groups 1 
and 2 were similar with regard to clinical characteristics, as 
seen in Table 1. 

Pseudocysts were defined as encapsulated fluid collec- 
tions, 3 cm or greater in diameter, that were verified by 
surgical exploration in each case. In all patients with 
pseudocysts at the time of LPJ, it was possible to incorpo- 
rate the pseudocyst into the Roux-en-Y limb used for pan- 
creaticojejunostomy. Intrapancreatic cysts were drained 
by extending the pancreatic ductal incision to include the 
pseudocyst and incorporating the opening into the overly- 
ing Roux-en-Y limb, as shown in Fig 2. Larger, extrapan- 
creatic cysts were drained by opening a prominent portion 
of the pseudocyst and then extending the Roux-en-Y limb 
over to permit anastomosis, as shown in Fig 3. 

Pseudocysts ranged from 3 em to greater than 10 em in 
diameter (median diameter, 5.7 cm). Biopsy specimens of 
the cyst wall showed only chronic inflammation in each case. 
Two patients in group 1 had additional infected pseudocysts 
that were externally drained. 

Table 3 summarizes the morbidity and mortality in these 
patient groups. Complications occurred in five patients in 
group 1 (19%). These complications included one episode 
each of pneumonia, wound infection, urinary tract infec- 
tion, bleeding requiring reoperation, and pancreatic fistula. 
This fistula occurred in a patient who had an infected 
pseudocyst drained externally. There were two deaths in 
group 1 (8%). The first death occurred in a patient who 
developed an anastomotic leak and who died of overwhelm- 
ing staphylococcal sepsis. The second death was the result 
of complications of severe peptic ulcer disease in a patient 
who also had external drainage of an infected pseudocyst. 
There were 11 complications in group 2 (18%). These compli- 
cations included four cases of pneumonia, four cases of 
intra-abdominal abscess, two episodes of bleeding requir- 
ing reoperation, and one case of wound infection. There was 
one death in this group (2%) resulting from mesenteric 
infarction in a patient with chronic renal failure. x’ Analysis 
revealed no significant difference in the morbidity and 
mortality rates between groups 1 and 2. z 

Follow-up ranged from three months to ten years (mean 
follow-up, 2.5 years). Fifty-seven percent and 48% of pa- 
tients from groups 1 and 2, respectively, were pain free at 
the time of follow-up. Patients were judged to be improved if 
their abdominal pain was lessened and if they had regained 
weight, sought employment, and gained reprieve from the 
cycle of frequent hospitalizations for exacerbations of their 
symptoms. Twenty-three percent and 36% of group 1 and 
group 2 patients, respectively, were judged to be improved. 
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Fig 2.—Intrapancreatic pseudocyst drained by extending pancre- 
atic ductal incision into pseudocyst and incorporating opening into 
overlying jejunal limb. 


Thus, 81% of group 1 patients and 84% of group 2 patients 
benefited from pancreatic drainage. Those patients who 
had no pain relief, those who went on to require additional 
surgical procedures for pain related to chronic pancreatitis, 
and those who suffered operative mortality were classified 
as having poor results. Nineteen percent of group 1 patients 
and 16% of group 2 patients fell into this classification. 

Five patients (one patient from group 1 and four patients 
from group 2) have required additional surgical procedures 
for pain related to pancreatitis, including near-total pan- 
createctomy in one patient, splanchnic ganglionectomy in 
another patient, and LPJ revision in three patients. No 
recurrent pseudocysts have been detected in the follow-up 
period to date. 


COMMENT 


Pancreatic pseudocyst occurs in 2% to 10% of patients 
with acute pancreatitis.**® A higher incidence of pancreatic 
pseudocyst has been noted in patients with chronic pan- 
creatitis. Mercadier and coworkers‘ identified pseudocysts 
in over one third of more than 300 patients undergoing 
surgical treatment for chronic pancreatitis. Other series 
suggest that the incidence of pancreatic pseudocyst in 
patients with chronic pancreatitis ranges from 11% to 41%." 
Our data confirm an increased incidence of pseudocyst in 
patients with chronic pancreatitis. Pseudocysts were found 
in 39% of our patients undergoing pancreaticojejunostomy 
for intractable pain of chronic pancreatitis. 

The increased incidence of pseudocyst in these patients 
may be related to the pathophysiology of pseudocyst forma- 
tion in chronic pancreatitis. Chronic relapsing pancreatitis 
is characterized by repeated episodes of pancreatic inflam- 
mation and necrosis. These episodes may lead to the forma- 
tion of fluid collections consisting of necrotic tissue, edema, 
and pancreatic juice. These collections may become walled 
off and form pseudocysts. In addition, pancreatic ductal 
pressure is increased in chronic pancreatitis.* This in- 
creased pressure may increase the likelihood of rupture of 
the pancreatic duct or parenchyma. Rupture with localized 
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Fig 3.—Extrapancreatic pseudocyst drained by anastomosing free 
end of Roux-en-Y loop of jejunum to dependent portion of cyst. 





Table 3.—Morbidity and Mortality* 











% of Patients 








Group 1 Group 2 


36 
19 16 












5 
Improved 23 


*Data are based on 87 patients. 


Table 4.—Morbidity and Mortality Rates From Seven 
Recently Published Series Concerning Internal Drainage of 
Pancreatic Pseudocysts 


Rates, % 
Source, y N Morbidity Mortality 


Wade,?' 1985 40 25 7.5 
20 25 0 
Aranha et al,'* 1982 59 8.5 6.7 


33 6.7 


Schattenkerk et al,2° 1982 15 


Andren-Sandberg et al,”* 1983 





release of pancreatic exocrine fluid will lead to pseudocyst 
formation. 

Many patients undergo treatment for specific complica- 
tions of chronic pancreatitis before definitive therapy is 
instituted. This was the case in one third of the 75 patients 
in Grodsinsky’s’ series and in 20 of our 87 patients. We 
believe that LPJ may be indicated when these complications 
present. Complete drainage of the pancreatic duct may pre- 
vent the need for subsequent operations. 

Pseudocyst represents a complication of chronic pan- 
creatitis for which drainage alone may be inadequate treat- 
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ment.**** Traverso and coworkers” demonstrated a high 
incidence of reoperation in patients with chronic pan- 
creatitis undergoing pseudocyst drainage. In patients with 
chronic pancreatitis, pseudocyst recurrence may be in- 
creased.“ Four of our 12 patients who had undergone 
pseudocyst drainage had recurrent cysts noted at the time 
of LPJ. In addition to pseudocyst recurrence, these patients 
may also require reoperation because of persistent, unre- 
lenting abdominal pain.*°”’” In our previous experience 
with 81 patients undergoing surgical treatment for pancre- 
atic pseudocyst, 15 patients required reoperation. In seven 
of those patients, the cause of reoperation was intractable 
pain. Lateral pancreaticojejunostomy was effective in re- 
lieving this pain. Likewise, in Way and coworkers” report, 
only seven of 16 patients with chronic pancreatitis undergo- 
ing pseudocyst drainage continued to suffer from chronic 
abdominal pain. 

It has been suggested that spontaneous pseudocyst reso- 
lution may be less likely to occur in patients with chronic 
pancreatitis than in those with acute pancreatitis. ®™*" In a 
series of 93 patients from our institution with cystic pancre- 
atic fluid collections followed up by ultrasonography, 28% of 
cases resolved spontaneously. However, among those with 
fluid collections failing to resolve were eight patients with 
chronic pancreatitis as evidenced by pancreatic calcifica- 
tions.” Long-term successful strategy in patients with 
chronic pancreatitis and pseudocysts, then, should address 
both the pseudocyst and the chronic ductal dilation. 

Several therapeutic options exist for surgical treatment 
of intractable pain in patients with chronic pancreati- 
tis. =" When pancreatic ductal dilation is present, we 
favor LPJ as the best way of obtaining pain relief without 
sacrificing exocrine and endocrine functions. At least 70% 
of these patients will obtain pain relief with this procedure. 
In addition to pancreatic ductal decompression, LPJ also 
lends itself to drainage of associated obstruction of the 
upper gastrointestinal or biliary tract and also to pseudo- 
cyst drainage. Our ERCP findings, as well as those ob- 
tained by Sarles and coworkers,’ suggest that pseudocysts 
communicate with the major pancreatic ducts in one third to 
one half of patients. Thus, the pseudocysts are suitably 
located for incorporation into the Roux-en-Y loop used for 
LPJ. Even in patients in whom a connection with the 


pancreatic ducts cannot be demonstrated, it was possible to 
drain the pseudocyst in the same Roux-en-Y loop used for 
pancreaticojejunostomy. 

An objection to pseudocyst drainage with LPJ would be 
the possibility of increasing the risk of operation. There was 
no evidence to support this contention in our series. The 
morbidity and mortality in group 1 patients with simul- 
taneous pseudocyst and pancreatic duct drainage was the 
same as in group 2 patients who had pseudocyst drainage 
only. Likewise, patient outcome was similar in both groups, 
and these figures compare favorably to published results of 
surgical treatment for intractable pain of chronic pan- 
creatitis. Amelioration of pain was noted in 81% and 84% of 
group 1 and group 2 patients, respectively. 

Simultaneous LPJ does not appear to increase the risk of 
internal pseudocyst drainage. Table 4 summarizes results 
from several recent reports for morbidity and mortality 
rates of patients undergoing internal drainage of pancreatic 
pseudocyst. Our group of 26 patients undergoing simul- 
taneous LPJ and pseudocyst drainage had a 19% morbidity 
and an 8% mortality, which compare favorably with the 
results of these recent series. 

Optimum treatment for pancreatic pseudocysts entails 
recognition of concomitant chronic pancreatitis. Chronic 
pancreatitis may be suspected in a patient with excessive 
alcohol consumption and a history of recurrent pain. Coex- 
isting diabetes, steatorrhea, and weight loss suggest pan- 
creatic endocrine and exocrine insufficiency, which sup- 
ports a diagnosis of chronic pancreatitis. Detection of 
pancreatic calcifications on a radiographic study of the 
pancreas would indicate chronic pancreatitis. For patients 
with pancreatic pseudocyst in whom chronic pancreatitis is 
suspected, we believe that ERCP is indicated. This proce- 
dure can delineate pancreatic ductal obstruction and dila- 
tion. If the pancreatic duct is enlarged, we believe it should 
be decompressed at the time of pseudocyst drainage. 

Care must be taken when infected pseudocysts are en- 
countered. There was one complication and one death in the 
two patients each reported herein with an infected pancre- 
atic pseudocyst. In patients with sepsis, a two-stage ap- 
proach is probably necessary. The infected pseudocyst 
Should be externally drained; if the pseudocyst or pain 
persists, LPJ should be done. 
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Discussion 


DANIEL W. ELLioTT, MD, Dayton, Ohio: This series clearly 
states that it is safe to incorporate pseudocysts in LPJs. The cysts, 
however, were all relatively small, measuring 3 to 10 cm in 
diameter. The CT scans and sonograms in this group of small 
pseudocysts were not entirely accurate. In fact, I calculated an 
error rate of 25% in both directions. I have performed some 
operations because the CT scans have falsely indicated the pres- 
ence of small pseudocysts. Sometimes loculated ascites can resem- 
ble such cysts. Ultrasonography has produced similar rates of 
error, and these errors also occur in both directions. As a result, 
pseudocysts may be found unexpectedly at operation. 

Finding a pseudocyst in a patient with chronic pancreatic pain 
can be beneficial in that it provides easy access to the major 
pancreatic duct. Many years ago, we reported that cystograms 
obtained at operation will show a connection between the cyst and 
the major pancreatic duct in about one third of cases. If a tube is 
passed through the stomach and left in the pseudocyst so that a 
cystogram can be obtained after edema and inflammation have 
subsided, many more patients will be found to have cysts commu- 
nicating with the major pancreatic ducts. Therefore, such cysts 
offer access for drainage of obstructed pancreatic secretions. 
These secretions can be drained into a Roux-en-Y loop or the 
stomach quite well without performing an LPJ. 

This study leaves me a little puzzled about dealing with larger 
pseudocysts measuring 10 cm or more in diameter. In the well- 
documented series published earlier by Dr Greenlee, 15% of 
patients with drained pseudocysts later underwent an operation 
for relief of pain, and another 20% had some symptoms. However, 
80% of the patients did very well, and this has also been my 
experience. Therefore, when is it sufficient just to drain the 
pseudocyst and when should an LPJ be performed? 

Similarly, I sometimes am puzzled about whether the biliary 
tract also needs to be drained. Drainage was done in some of these 
cases, using the same Roux-en-Y loop quite effectively. However, if 
a pseudocyst in the head of the pancreas is effectively drained, its 
pressure on the bile duct will subside. I am not quite sure whether 
this extra anastomosis is really necessary. At what site could we 
combine biliary decompression with pseudocyst drainage? 

ALEXANDER J. WALT, MD, Detroit: I think this report is in the 
very best tradition of the Hines Hospital where Charles Puestow 
did his original pioneering work on the procedure that now bears 
his name. I think his successors, including the present authors, 
have continued to mine this mother lode of chronic pancreatitis 
with great success. In the course of doing so, they have contributed 
to our knowledge by partially disclosing the natural history of the 
disease. In the past, they have concentrated on dilated and stenotic 
ducts that cause the recalcitrant pain of pancreatitis. In the 
present report, they have studied both this pain and pancreatic 
pseudocysts, which are not infrequently associated with the 
chronic pancreatitis, and have analyzed the contribution of the 
pseudocysts to the pain. 

In fact, 30% of the patients had synchronous pancreatic pseudo- 
cysts and another 9% had metachronous pancreatic pseudocysts. 
Whether the relief of pain was due to drainage of the duct or the 
pseudocyst is difficult to ascertain. 
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I think there are some facts that we need to recall. Ninety-five 
percent or more of patients who have demonstrated pseudocysts 
also have demonstrable abnormalities of the main pancreatic duct. 
The degree and site of these abnormalities in the duct vary greatly, 
and most patients do not need a Puestow procedure based on the 
topography of these changes. I believe that pancreaticoje- 
junostomy should be reserved for those patients who have a 
substantially dilated, drainable duct and pain deemed to be 
independent of their pancreatic pseudocyst. Consequently, we 
become very dependent for our judgment on results of ERCP. It is 
noteworthy that in this series, about 20% of the ERCP findings did 
not help in making a clear determination about the status of the 
duct. 

What did you do in those 20% of cases in which you did not have 
ERCP knowledge of the status of the duct? In our own series, we 
have performed a Puestow procedure in only eight of more than 220 
pancreatic pseudocysts, which is about 4%. We have been conserv- 
ative and shall probably become more aggressive based on this 
work. 

What I did find, to my surprise, is that we have performed 55 
partial resections. About 20% of these patients with pancreatic 
pseudocysts have had resection of the body and tail, an operation 
which we have used more readily in recent years. Perhaps we are 
tackling the same problem by performing a distal resection instead 
of a Puestow procedure. I hasten to add that a Puestow procedure is 
more impressive in terms of both logic and results. 

What do you do when the ERCP findings are inconclusive? How 
do you determine whether to open the duct? Do you proceed on the 
basis of the CT scan? 

In our experience, about 20% of patients have multiple pancre- 
atic pseudocysts. How many of the patients had multiple pseudo- 
cysts in the present series? 

On opening the pancreatic duct, one frequently finds very large 
and numerous calculi. I have often wondered whether it is possible 
to drain adequately or even effectively the pancreatic duct in all 
cases, whether dilated or not. What do you do about those patients 
who have multiple calculi apparently blocking many of the ducts? 

Did the location and size of the pancreatic pseudocysts correlate 
with the outcome? 

Why did you obtain biopsy specimens from the cyst wall in all 
patients? A pancreatic cyst, whether adenomatous or car- 
cinomatous, is very rare and almost always recognizable grossly. 
Routine biopsy of the posterior wall of the pancreatic pseudocyst 
may result in bleeding during or after operation. 

Are the 3-cm lesions in the pancreas truly pseudocysts, or are 
they marked dilatations of the ducts? Perhaps we need to coin a 
word that is analogous to bronchiectasis and call it “pancreaec- 
tasis.” 

G. Ropert Mason, MD, PhD, Orange, Calif: It is apparent that 
LPJ was performed primarily for pain, as all patients had pain. 
Therefore, one perhaps could consider the pseudocyst in this series 
as being ancillary. 

The majority of these cysts really do not communicate with the 
pancreatic duct, and we have found that merely unroofing or 
aspirating these cysts is sufficient treatment. In other cases, 
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ERCP may show communication with a pseudocyst, and perform- 
ing an LPJ in these cases will interrupt the communication and 
drain it. 

I wonder, even though it is technically feasible to do an LPJ and 
cyst jejunostomy, if it is perhaps not a triumph of technique over 
judgment to do so. 

In the present series, the other complication is chronic pan- 
creatitis, ie, dilatation of the common bile duct. What are the 
advantages of a choledochoduodenostomy as opposed to adding 
this operation to the Roux-en-Y loop procedure? 

JEREMIAH G. TURCOTTE, MD, Ann Arbor, Mich: I would like to 
make two points and then ask one question. 

The first point deals with demonstrating the continuity of the 
cyst with the ductal system. One way to accomplish this task is to 
obtain a delayed CT scan after ERCP; frequently the dye will leak 
into the cyst and will not be seen on a regular plain x-ray film of the 
abdomen when, in fact, it is sort of an enhanced CT scan. This 
technique will show that most of these cysts do communicate with 
the ductal system at some point. 

My second point deals with patients with either an intra- 
pancreatic cyst or dilatation of the duct. Performing an LPJ will 
relieve this condition. In cases associated with obstruction of the 
bile duct, drainage of the cyst usually does not relieve the 
obstruction. In most of these cases, we perform a biliary bypass at 
the same time. 

My question is as follows: What were the indications for these 
operations? In my experience, operating for pseudocysts and 
operating for chronic pain associated with chronic pancreatitis 
affect two fairly distinct groups of patients. Was chronic pain the 
primary indication for operation in the series associated with 
chronic pancreatitis? Were the pseudocysts mostly ancillary find- 
ings? 

LAWRENCE J. Koer, MD, Phoenix: In the 16% to 19% of patients 


_who had persistent pain following the Puestow procedure, pancre- 


atic autotransplantation will relieve the pain, as we have demon- 
strated in six patients. While other procedures may preclude that 
possibility of proceeding to autotransplantation, the Puestow 
procedure, as used in the present study, actually facilitates subse- 
quent autotransplantation. 

MARTIN A. Apson, MD, Rochester, Minn: I disagree with Dr 
Walt. In my experience, I have seen four patients with Roux-en-Y 
loop drainage of malignant tumors within the abdomen. These 
patients were not sent from Hines Hospital or Dr Walt’s institu- 
tion, but I would not be so dogmatic in saying that one should not 
obtain biopsy specimens of the pseudocyst walls. Not all surgeons 
know what a pseudocyst looks like grossly. 

To what extent is this a partial sample of a larger population? I 
am concerned about the patient with small pseudocysts. I am not 
sure that pseudocysts 3 and 4 cm in diameter are really pseudo- 
cysts. What about that patient who has a small pseudocyst and a 
small duct? Were such patients excluded from your study? That is, 
is this a study of a partially selected population? Have you seen 
patients with small pseudocysts and small ducts who were not 
studied or not treated surgically? 

Dr Munn: Dr Elliott, we agree with the fallibility of the 
radiologic tests, and we try to explore as carefully as possible 
during surgery. We do agree that most cysts appear to communi- 
cate with the pancreatic duct and that opening a cyst often will give 
us access to this duct. 

We believe that the pancreatic duct should be drained in patients 
with a pseudocyst if they have any clinical evidence of chronic 
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pancreatitis and dilated ducts. Patients who have recurrent or 
chronic pain, a history of aleohol abuse, and exocrine or endocrine 
insufficiency are candidates. The presence of calcifications on x-ray 
films or CT scans supports a diagnosis of chronic pancreatitis and 
suggests that the pancreatic duct should also be drained. 

We do not routinely drain the biliary tree in patients undergoing 
pancreatic duct drainage. We perform bile duct drainage in those 
patients with chronic pancreatitis who have evidence of cho- 
lestasis, ie, a bilirubin value and/or an alkaline phosphatase value 
twice the normal value in patients with a dilated common bile duct. 

Dr Walt, we agree that some dilated ducts may look like a 
pseudocyst on preoperative studies; however, the operating sur- 
geon in each case asserted that the cyst was separate from the 
duct. Also, we excluded any cyst smaller than 3 em. Using these 
two criteria, we believe that pseudocysts do occur frequently in 
patients with a dilated pancreatic duct. 

When ERCP is not possible, other evidence of ductal dilation 
may be found on either a CT scan or a sonogram. Evidence may also 
be obtained at operation by draining a pseudocyst that is in 
continuity with a dilated duct. In this situation, we would drain 
both. 

We do not favor pancreatic resection for pseudocysts in chronic 
pancreatitis because we wish to preserve as much endocrine and 
exocrine function as possible. We believe this goal is best achieved 
by drainage. 

A few of our patients have had multiple pseudocysts, and we 
believe that all of these pseudocysts should be drained. It has been 
possible to drain even multiple cysts into the Roux-en-Y limb used 
for the pancreaticojejunostomy. Concerning pancreatic calculi, we 
make a concerted effort to extract all the stones that can be 
removed. Residual stones may compromise the effectiveness of 
drainage. 

We did not find any relationship between the size of the pancre- 
atic pseudocyst and outcome. Patients with large cysts benefited 
to a similar degree as did those with small cysts. We do obtain 
biopsy specimens of all cyst walls. Occasionally we have discovered 
a carcinoma, and this finding has reinforced our rationale to 
continue this procedure. We have not encountered any biopsy- 
related complications. We are aware that aspiration is recom- 
mended by some surgeons for small pseudocysts, and we have used 
this approach in several patients. However, in patients with chronic 
pancreatitis, we do not believe aspiration drainage is a viable 
alternative. The fibrotic gland and increased pressure associated 
with ductal obstruction make aspiration unlikely to be successful in 
chronic pancreatitis. 

We do not always use the same Roux-en-Y limb for our common 
bile duct drainage. We will use whatever procedure is technically 
most feasible. Often, a choledochoduodenostomy is the best op- 
tion. 

Dr Turcotte, we agree that most of our pseudocysts appear to 
communicate with the pancreatic duct. We have not performed the 
delayed CT technique that you describe, but it does sound like a 
helpful procedure. 

The indication for our surgery in virtually all of our patients was 
pain. In addition, we have no experience with autotransplantation 
of the pancreas for chronic pancreatitis, but we have followed with 
interest the reports of investigators in this area. 

Finally, all of the patients with pseudocysts in this series have 
had dilated ducts, and we have not treated any patients with small 
cysts and small ducts. We believe pancreaticojejunostomy is only 
appropriate for the patient with a dilated pancreatic duct. 


Simultaneous Treatment—Munn etal 667 





Sympathectomy for Causalgia 


Patient Selection and Long-term Results 


Mary B. Mockus, MD, PhD; Robert B. Rutherford, MD; 
Camilo Rosales, MD; William H. Pearce, MD 


è Thirty-four sympathectomies were performed for causal- 
gic pain. Overt extremity trauma was the precipitating event in 
only 26%. In 48%, nerve compression requiring surgical relief 
preceded the onset of the pain; most common lumbar disk 
surgery (37%). In the remainder (26%), miscellaneous vascular 
conditions contributed. Satisfactory immediate relief was ob- 
tained in 97% and 61% were completely relieved of pain initially. 
There were no deaths, 10% wound complication rate, and one 
instance of Horner’s syndrome. Postsympathectomy neu- 
ralgia occurred in close to 40%, lasted a little over a month on 
the average but did not persist beyond ten weeks. In extended 
follow-up, only one patient failed to sustain satisfactory relief 
(97% of those relieved, 94% of the total) and 84% continued to 
enjoy the same degree of relief as they had immediately pre- 
operatively. This frequency, degree, and duration of benefit 
establishes causalgic pain as one of the best indications for 
surgical sympathectomy. 

(Arch Surg 1987;122:668-672) 


he role of sympathectomy in the management of arterial 

occlusive disease has largely and rightly been usurped 
by arterial reconstruction. Yet, valid indications remain for 
its application. One of the best of these, because of the 
immediate and dramatic relief sympathectomy often pro- 
vides in such cases, is causalgic pain or reflex sympathetic 
dystrophy, yet many clinicians have difficulty recognizing 
this condition and distinguishing it from other causes of 
extremity pain. Furthermore, the long-term effectiveness 
of sympathectomy for causalgia has not been well docu- 
` mented. We report a 15-year experience with sympathec- 
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tomy for causalgia, focusing on diagnosis, case selection, 
and the degree and duration of benefit. 


PATIENTS AND METHODS 


We reviewed all cases of sympathectomy performed for causalgic 
pain from 1970 to 1985 at the University of Colorado Health 
Sciences Center, Denver, by retrospective examination of inpatient 
and outpatient medical records and, when there had been no recent 
follow-up visit, by mailed questionnaire supplemented by tele- — 
phone interview. In each case, information was sought regarding 
the following variables: the severity and duration of preoperative 
symptoms, trauma, or other precipitating events; previous oper- 
ative or nonoperative therapy; concomitant vascular disease; neu- 
ropathy or intercurrent disease; and the response of pain either to 
intra-arterial injections of tolazoline (Priscoline) hydrochloride 
and/or reserpine or to regional sympathetic block. The extent of 
ganglionectomy, its confirmation by pathology report, and in- 
traoperative and postoperative complications were noted, with 
particular attention to Horner’s syndrome, sexual dysfunction, 
and postsympathectomy neuralgia. Finally, the degree and dura- 
tion of pain relief was assessed by comparing the initial degree of 
relief with that persisting at the time of the last follow-up visit. 

All patients were analyzed according to these preoperative, 
operative, and postoperative variables, with separate analysis 
performed for those undergoing upper-extremity sympathectomy 
(group 1 [nine patients]) and lower-extremity sympathectomy 
(group 2 [22 patients]), as well as a unique subgroup of the latter, 
those whose causalgic pain had persisted following lumbar disk 
surgery (group 2a [12 patients]). 


Diagnostic Sympathetic Blockade 


The potential relief of pain by sympathectomy was evaluated 
preoperatively by one or more regional sympathetic blocks per- 
formed by staff anesthesiologists using local anesthetic agents. 
Standard techniques for stellate and lumbar sympathetic block 
were employed, although more recently a longer-acting anesthetic 
agent (bupivacaine [Marcaine]) was used in preference to lidocaine 
(Xylocaine) hydrochloride. Not infrequently, a proximal, intra- 
arterial, 15-mg injection of tolazoline hydrochloride, occasionally 
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combined with 1.5 mg of reserpine to achieve a longer effect, was 
used at the time of the initial evaluation both to confirm the 
diagnosis of causalgic pain and to assess the potential therapeutic 
benefit of sympathectomy.” The value of these tests in predicting 
pain relief from sympathectomy could only be partially evaluated 
in this series, because sympathectomy was offered only to those 
obtaining very significant (at least 75%) relief. 


Technique of Sympathectomy 


A retroperitoneal approach to lumbar sympathectomy through 
an oblique anterolateral abdominal incision was employed. Three 
ganglia were removed. The L-2 and L-3 ganglia were always 
included in the segment resected, but if the patient’s pain was 
greatest in the thigh or foot, the L-1 or L-4 ganglion was also 
included, respectively. 

Dorsal sympathectomy was always carried out through a trans- 
axillary incision. In most cases, transpleural exposure of the upper 
thoracic sympathetic chain was obtained by entering the third 
interspace. Recently, in selected cases, a retropleural approach 
was used by first removing the first rib as for thoracic outlet 
syndrome.” The latter approach was chosen to avoid post- 
thoracotomy discomfort. With either approach, the extent of the 
sympathectomy was the same, with a segment of the chain 
resected from the lower third of the stellate ganglia down to and 
including T-3. 


RESULTS 


In nine group 1 patients, 12 dorsal sympathectomies were 
performed; in 22 group 2 patients, 23 lumbar sympathec- 
tomies were performed, with 13 of the latter (57%) being 
performed in 12 patients who had previously undergone 
lumbar disk surgery (group 2a). 

Sixty-one percent of all patients were female (female- 
male ratio, 1.6:1), but the female predominance was greater 
in group 1 (3.5:1) than in group 2 (1.2:1), primarily because of 
the greater proportion of men (67%) in group 2a. The 
remainder of group 2 had a female preponderance (4:1) 
similar to that in group 1. 

The mean age for all patients was 49.5 years, and while 
this was somewhat lower in group 1 than group 2 (45 vs 54 
years), the wide range in both groups (15 to 60 years for 
group 1 and 24 to 74 years for group 2) suggests no 
characteristic age distribution. 

The duration of the causalgic pain prior to diagnosis and 
treatment was extremely variable, ranging from one month 
to three weeks in group 1 and from one month to 22 years in 
group 2. However, when a few extreme cases were elimi- 
nated, it was found that in 85% of cases the pain had 
persisted from three months to three years before sympa- 
thectomy, with a mean of 15 months. 


Predisposing or Precipitating Factors 


Only eight patients (four in each group) had overt ex- 
tremity trauma as the precipitating event (26%). These 
cases included soft-tissue injury (n=3), fracture (n=3), 
gunshot wound (n=1), and traumatic amputation (n=1). In 
15 patients (48%) (three in group 1 and 12 in group 2), 
previous surgery was implicated, and, except for one pa- 
tient in whom minor surgery (iatrogenic trauma?) was the 
apparent precipitating event, all had undergone surgery 
that failed to completely relieve the pain of nerve compres- 
sion (carpal tunnel release in two and lumbar disk surgery 
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in 12). In the remaining eight patients (26%) (two in group 1 
and six in group 2), miscellaneous vascular problems 
seemed to contribute. Three had undergone delayed re- 
vascularization for severe ischemia, and ischemic nerve 
damage presumably initiated the postoperative causalgic 
pain. A similar mechanism might explain the causalgic pain 
in a patient who suffered severe frostbite injury. In one 
patient, contrast extravasation during angiography was the 
precipitating event. Whether injury to a nearby nerve was 
the direct result of the contrast medium or whether it was 
due to local ischemia was not apparent. In another patient, 
an isolated episode of deep venous thrombosis, with moder- 
ate swelling and pain, was the only apparent precipitating 
event. Interestingly, in two other patients in whom the 
precipitating event was unimpressive, there was a long 
history of Raynaud’s phenomenon, suggesting a possible 
background of increased sympathetic tone. 


Complications of Sympathectomy 


There were no operative deaths. Wound complications 
(hematoma, infection) occurred in 11% of group 1 and 10% of 
group 2 patients. Horner’s syndrome occurred following 
two of the 12 dorsal sympathectomies but was permanent 
only in one case (8%). Other reported complications— 
phrenic palsy, neuropraxia, winged scapula, dorsal 
scapular neuralgia, and gustatory sweating—were not ob- 
served in this series. No adjacent structures were injured 
during lumbar sympathectomy, and no sexual dysfunction 
resulted. Although the L-1 ganglion was removed in close to 
one third of group 2 cases, bilateral lumbar sympathectomy 
was performed only once. 


Postsympathectomy Neuralgia 


Transient neuralgia, an aching discomfort in the der- 
matome distribution immediately proximal to that of sym- 
pathetic denervation, occurred in a significant number of 
patients in both groups (41%, 37% of group 1 and 44% of 
group 2). The discomfort began between five and ten days 
postoperatively in both groups and lasted from two to eight 
weeks in group 1 and from two to ten weeks in group 2, with 
an overall mean duration of 5.0 weeks (3.5 weeks in group 1 
and 5.7 weeks in group 2). The occurrence of this complica- 
tion appeared to be independent of technique (eg, the use of 
clips, ligatures, or neither). In each case, moderate anal- 
gesia sufficed during the initial period of greatest discom- 
fort, and the complication was well tolerated once patients 
were reassured that the pain was transient and would not 
jeopardize the ultimate relief of their preoperative discom- 
fort. 


Degree and Duration of Relief 


Initially, only one patient did not obtain significant relief 
following sympathectomy (Table). She had undergone two 
disk operations three months apart, three years prior to 
lumbar sympathectomy, which was performed after she 
claimed 75% relief from sympathectic block. She subse- 
quently underwent a third back operation with disk re- 
moval, insertion and then removal of a sciatic nerve stim- 
ulator, and a rhizotomy, all without lasting pain relief. 
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Time of 
Evaluation* 


Unchanged 


Group (No Benefit) 


1 (dorsal) (n=9) 
2 (lumbar) (n= 22) 
Total (N=31) 


*Early indicates first postoperative visit; late, last follow-up visit (see text). 


Although the degree of relief was greater immediately 
postoperatively in most patients, 61% still claimed complete 
relief of pain at the first postoperative outpatient visit (67% 
of group 1 and 59% of group 2). With the above exception, all 
patients obtained satisfactory initial pain relief, so that 97% 
of all patients, and 100% and 95% of groups 1 and 2, 
respectively, initially experienced significant improve- 
ment. 

Follow-up after dorsal sympathectomy extended up to 11 
years, and—if two patients who became unavailable for 
follow-up in the early postoperative period are excluded— 
averaged 4.3 years. In only two patients was there any loss 
of initial benefit with time. One downgraded for relief from 
100% to 75%; another, who initially claimed 75% relief, 
claimed no persisting benefit three years later, although she 
admitted to no longer requiring the strong analgesic medi- 
cation used preoperatively. Nevertheless, she is listed as a 
late failure (11% of group 1 patients and 8% of dorsal 
sympathectomies). Thus, 78% of group 1 patients experi- 
enced a sustained effect and 89% remained significantly 
better than before operation. 

Follow-up after lumbar sympathectomy extended to ten 
years and averaged 29 months. Partial return of discomfort 
occurred in one of 13 patients experiencing complete relief 
of pain initially and two of eight patients receiving partial 
relief. None of these three returned to greater than 50% of 
the preoperative pain level, and they are therefore counted 
as still improved. Thus, in 86% of this group, the degree of 
pain relief did not diminish with time, and 95% remained 
significantly improved. Combining groups 1 and 2, the 
degree of relief experienced initially was sustained in 84%, 
and 94% remained significantly improved compared with 
their preoperative status. There was no correlation be- 
tween the duration of preoperative symptoms and the 
degree or duration of pain relief. Finally, except for the fact 
that the one early failure occurred in the subgroup in which 
pain persisted following disk surgery (group 2a), this group 
fared little worse than the others, with 80% reporting a 
sustained effect and 92% continuing to feel significantly 
improved at the time of last follow-up. : 


COMMENT 


The term causalgia was derived by Dunglison from the 
Greek words kausos, meaning heat, and algos, meaning 
pain.‘ Although Pare probably described the first case of 
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Sympathectomy for Causalgia: Degree and Duration of Relief 


Negligible 
(No Pain) 


6 (67) 
5 (56) 
13 (59) 
12 (55) 
19 (61) 
17 (55) 


x To) = A a A a A 


Pain Status, No. (%) of Patients 
Much 
Less 
3 (33) 
3 (33) 
8 (36) 
9 (40.9) 
11 (36) 
12 (39) 


Better Equal to 
Than Preoperative Postoperative 
9 (100) 
8 (89) 
21 (95) 
21 (95) 
30 (97) 
29 (94) 


7 (78) 


19 (86) 


26 (84) 


causalgia in the 16th century, Weir Mitchell, because of his 
detailed description of the syndrome following major nerve 
injuries incurred during the Civil War, is generally credited 
with being the first to establish it as a clinical entity." 
Classically associated with the burning pain was hypersen- 
sitivity in the distribution of the injured somatic nerve, 
signs of autonomic imbalance, and, ultimately, secondary 
trophic changes. However, this classic description was 
primarily derived from observations of those with penetrat- 
ing, partially interrupting nerve injuries. The term major 
causalgia is used to distinguish such patients from patients 
with similar manifestations following lesser, indirect, or 
even apparently negligible nerve injury. Instead of using 
the alternative term minor causalgia for the latter cases, 
since the pain and disability is hardly minor, Patman’ coined 
the term mimo causalgia, to suggest that it mimics true 
causalgia. Other more descriptive terms used in the liter- 
ature include reflex sympathetic dystrophy, posttraumatic 
sympathetic dystrophy, sympathetic neurovascular dystro- 
phy, and posttraumatic neurovascular pain. Sudeck’s atro- 
phy and Sudeck’s syndrome focus on the associated osteo- 
porosis observed in late cases, an inconsistent finding that 
may be due to either a neurovascular reflex or disuse. Since 
overt trauma is not a necessary prerequisite and, in fact, 
was present in only 26% of our cases, the use of the prefix 
posttraumatic seems inappropriate. The simpler label 
causalgic pain is preferable. 

Obviously, if the classic signs and symptoms originally 
described for major causalgia exist and/or if overt ex- 
tremity trauma has precipitated the pain, the clinical 
diagnosis is relatively easy. However, in most patients with 
causalgic pain encountered in civilian practice, the presen- 
tation is much subtler, as reflected by the delay in diagnosis 
in this series. Eighty-five percent of our patients presented 
more than 15 months after the onset of symptoms. While the 
pain may not be burning, it is usually associated with some 
degree of cutaneous hypersensitivity and vasomotor signs 
signaling autonomic imbalance. Trophic changes appear 
late. The patient will often be referred to a vascular surgeon 
because of the combination of disabling pain at rest and the 
associated “vascular” signs. The diagnosis is best confirmed 
by relief of pain following sympathetic blockade. This is a 
key step, for it not only establishes the diagnosis but also 
demonstrates the therapeutic potential of sympathectomy. 


= Patients with causalgic pain are often treated with suspi- 
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cion and labeled as “psychoneurotics” by those who do not 
understand the nature or degree of the pain, particularly 
when it is precipitated by seemingly minor events or when 
litigation is pending.’ 

Clearly, not all patients afflicted with this condition 
require sympathectomy. Early and frequent use of sympa- 
thetic blockade may carry the patient through a milder and 
self-limiting episode of causalgic pain.” Extended relief, 
well beyond the duration of effect of the local anesthetic 
used in the block, is an indication of potential reversibility 
and a reason to withhold operation. Guanethidine monosul- 
fate administered by Bier block is useful in this initial 
period, for it may provide relief for up to two weeks. 
However, when the condition persists and is disabling, and 
when relief by sympathetic block lasts only as long as the 
local anesthetic’s effect, it makes little sense to withhold an 
operation that offers significant long-lasting relief with 
little morbidity. Drucker et al” suggested that long delays 
prior to sympathectomy may jeopardize a good outcome, 
but this did not appear to be the case in our experience. For 
example, although the only patient in group 2a who failed to 
obtain relief had had pain persisting for three years prior to 
sympathectomy, in six of the other 11 patients in this group 
who were benefited, the duration of pain was as long or 
longer. However, our requirement of a good response to 
sympathetic block before proceeding with sympathectomy 
may have selected out most of the patients in whom sympa- 
thectomy might be unsuccessful. Nevertheless, our study 
indicates that duration of symptoms alone does not preclude 
a gratifying response. 

Sympatholytic drugs and other drugs used to combat 
neuritic pain—eg, phenytoin (Dilantin), carbamazepine 
hydrochloride (Tegretol), and baclofen—offer only partial 
relief and carry significant risks of side effects. “Chemical 
sympathectomy,” achieved by injecting the sympathetic 
chain with phenol or alcohol, is an old approach that has 
recently been improved by the fluoroscopic control of needle 
placement and the use of a test dose of local anesthetic." But 
this approach still runs the risk of providing only incomplete 
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or temporary relief” or even creating further difficulties by 
inciting neuritic pain and an inflammatory response that 
complicates subsequent surgery. For these reasons, surgi- 
cal sympathectomy continues to be the treatment of choice 
once long-term relief is required. 

Only the frequent occurrence of postsympathectomy 
neuralgia mars the overall excellent result of surgical 
sympathectomy for this indication. Neither its cause nor a 
way to prevent it are apparent from our experience or that 
of others.” We could not relate it to technical variations in 
the handling of the proximal stump of the sympathetic 
chain. Simple division, use of ligatures, or the placement of 
tantalum, silver, or absorbable clips were all tried without 
success as ways to avoid this complication. Nevertheless, 
our observations offer the reassuring perspective that, 
while neuralgia is likely to occur in close to half the patients, 
it is transient, usually lasting only a month and not ob- 
served to extend beyond ten weeks. 

Our experience not only indicates the high degree and 
long duration of relief afforded by sympathectomy when 
preoperative sympathetic block is used to aid in patient 
selection, but it also calls attention to an interesting sub- 
group of patients with causalgic pain persisting after disk 
surgery, patients for whom sympathectomy offers a thera- 
peutic benefit equal to that for other inciting causes. That 
such patients constituted more than one third of our series 
and more than one half of those in whom lumbar sympathec- 
tomy was performed reflects our high index of suspicion and 
the indoctrination of local neurosurgeons. The true fre- 
quency of this condition is not known, nor is its nature. Once 
called “arachnoiditis” and thought to be due to inflammation 
and nerve sheath irritation following disk surgery, it proba- 
bly results from residual nerve damage that occurs before 
nerve root compression is relieved by removal of the herni- 
ated nucleus pulposis. To our knowledge, the recognition of 
causalgia as a potential component of lumbar disk pain, its 
persistence after diskectomy, and its potential relief by 
sympathectomy have not been previously reported in the 
English-language literature. 
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Discussion 


ERNEST Pou.os, MD, Dallas: We reviewed our own lumbar 
sympathectomy results for causalgia states at St Paul Hospital in 
Dallas and divided them into the regular, full-blown reflex dystro- 
phy and those with so-called mimo causalgia. 

Sympathectomy for full-blown clinical causalgia is normally 
beneficial. However, in the second group, selected by clinical pain 
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and relief by sympathetic block, our results have been disappoint- 
ing. Most patients get temporary relief, but when seen in the office 
later, they complain of pain, some of them for a long time. The 
results have been so bad that most of our surgeons have discon- 
tinued doing sympathectomy for this purpose and will try any 
medical means to avoid it. 
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One of our male patients became impotent after a low lumbar 
sympathectomy. Since that time we have mentioned this possibility 
in our informed consent. As a result, our operative load has 
diminished considerably. 

I would like to ask the authors if they have any faith in medical 
treatment they alluded to. 

RoBERT C. Lim, Jr, MD, San Francisco: I have some concern 
about the high incidence of postsympathectomy neuralgia. I was 
wondering if the authors can elaborate on this and if they can offer 
any solution in trying to avoid this high incidence of 41%. 

ArTHUR I. Auer, MD, St Louis: Which approach did the 
authors use for their cervical dorsal sympathectomy, and if that 
was variable, did it have any effect on complications? How many of 
the dorsal ganglia did they remove? How far down did they go? 

RICHARD O. Krart, MD, Ann Arbor, Mich: I would like to ask 
about the correlate with the use of intra-arterial reserpine as a 
catecholamine depleter, either as an alternate therapy or as a 
prognosticator. 

CLAUDE H. Orcan, MD, Oklahoma City: Can this operation 
really be effective in the lower extremities if it is performed 
unilaterally? 

Dr RUTHERFORD: I cannot explain why we have obtained better 
results than Dr Poulos in the so-called mimo causalgia group. I 
think we are a little more cautious in applying sympathectomy here 
and often will get more than a single trial block. If we are 
concerned about the patient being a little psychoneurotic or 
suggestible, we will even add a sham block. By using these 
additional precautions, I think we may have eliminated those 
patients in whom we might not have obtained a good result. 
Therefore, we have not felt insecure enough about the outcome to 
“threaten our patients with impotence.” 

I do not know the reason for the postsympathectomy neuralgia. 
We are not the only ones who have reported a high incidence. 


Denton Cooley is the only one I know of who has suggested a way of 
preventing this, namely by using a silk ligature rather than a metal 
clip at either end of the sympathectomy. However, we tried this and 
it has not made a difference. We really do not know the answer to 
this one. 

Dr Auer asked about the different approaches to dorsal sympa- 
thectomy. Of the six different approaches, we use only two. In both 
of these approaches we remove the lower third of the stellate 
ganglion, T-2 and T-3. One technique is the popular transaxillary 
approach through the third interspace; in the other approach, we 
do a transaxillary resection of the first rib, much as for a thoracic 
outlet syndrome, and then, pushing the pleura down, we start with 
the stellate ganglion on the neck of the first rib and proceed 
downward to T-8. Although it is a little more difficult, the main 
advantage to this approach is rapid closure and the absence of 
postthoracotomy discomfort. 

Dr Kraft asked about the correlation with reserpine. We have 
used a combination of intra-arterial priscoline and reserpine. The 
former gives us an immediate effect so that we can gauge 
therapeutic potential right there in the clinic; the latter gives a 
more prolonged effect, making it easier to gauge the degree of 
improvement that can be expected. We often use this as a screening 
test before going on to sympathetic blocks. 

I think Dr Organ’s question refers to the risk of crossover fibers 
being able to restore sympathetic tone after unilateral operation, 
resulting in a recurrence. I have seen one case of recurrent 
causalgia after unilateral sympathectomy performed elsewhere; in 
this patient I did a contralateral sympathectomy, first having 
shown that the contralateral block relieved the patient’s pain. I can 
add one other case I consulted on recently in which this was done 
and was also effective in relieving recurrent causalgic pain. So, 
while I think this does occur, the frequency is probably not high 
enough to justify bilateral sympathectomy at the outset. 


In Other AMA Journals 


ARCHIVES OF NEUROLOGY 


Spontaneous Carotid Dissection With Acute Stroke 
Julien Bogousslavsky, MD; Paul-André Despland, MD; Franco Regli, MD 


Thirty (2.5%) of 1200 consecutive patients with a first stroke had a spontaneous dissection with occlusion of 
the cervical internal carotid artery (ICA). A suggestive picture with ipsilateral headache and oculosym- 
pathetic paresis was uncommon (17%), so that diagnosis was uncertain before angiography. Seven patients died 


within one week. During follow-up (mean, 3.2 years) with sequential Doppler ultrasonographic testing, 12 
survivors had a good recovery and early reopening of the occluded ICA, and 11 had a poor recovery usually 
without reopening of the ICA. Recurrence of a dissection occurred in only one patient. Large infarcts causing 
death or a severe disability were associated with an ICA thrombus and distal emboli; the organization of this 
intraluminal thrombosis may explain the absence of reopening in these cases while resorption of the intramural 
hematoma developed. Early heparin sodium therapy may help prevent intraluminal clotting without carrying 
an important risk of extending the dissection, but its clinical benefit remains unproven. Contrary to current 
opinions, ICA dissection with occlusion causing cerebral infarction may often carry a severe prognosis (Arch 


Neurol 1987;44:137-140). 
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Large-Artery Welding With a 
Milliwatt Carbon Dioxide Laser 


Elizabeth M. Ashworth, MD; Michael C. Dalsing, MD; John F. Olson, MD; 


William P. Hoagland, MD; Sally Baughman; John L. Glover, MD 


è Microvascular laser welding can be effectively used in 
large-diameter artery techniques. The carotid arteries of 12 
anesthetized mongrel dogs were exposed. Following heparin- 
ization, the carotid arteries were transected, cleaned along 
their edges, and repaired on the right side by laser and on the 
left side by suture. The laser-assisted vascular anastomosis 
(LAVA) required four stay sutures and laser power for welding. 
Six-week patency for LAVA vs suture anastomosis was 100% vs 
92%, respectively. Anastomotic time requirements were less 
with LAVA (seven vs 25 minutes). Intimal healing for both 
techniques immediately demonstrated an intraluminal throm- 
bus, which resolved showing complete endothelial repair by 
four weeks. The laser seal demonstrated little inflammation 
compared with the giant cell reaction of suture anastomosis. 
immediate wall tensions of 6 to 18 x 10° dynes/cm? were toler- 
ated after both techniques. Laser-assisted vascular 
anastomosis of large-diameter arteries is feasible, strong, and 
associated with minimal inflammation. 

(Arch Surg 1987 ;122:673-677) 


he beam of a milliwatt carbon dioxide laser can be 

focused to a precise area of tissue for selective coagula- 
tion. This has been accomplished in small-diameter vessels 
with carbon dioxide, argon, and neodymium-YAG lasers.*’ 
A preliminary assessment of the milliwatt carbon dioxide 
laser as a tool in performing laser-assisted vascular anasto- 
mosis (LAVA) in vessels 4 to 5 mm in diameter has been 
reported.” This report further evaluates large-diameter 
artery laser welding. 


MATERIALS AND METHODS 


The carotid arteries of 12 anesthetized mongrel dogs (weight 
range, 17 to 22 kg) were used as the experimental model (24 
vessels), Animal care complied with “Principles of Laboratory 
Animal Care” established by the National Institutes of Health. 
Anesthesia consisted of sodium thiopental (25 mg/kg), intubation, 
and ventilation with a ventilator (volume type). Both carotid 
arteries were dissected for a length of 8 cm through a midline neck 
incision. After dissection, 100 U/kg of heparin sodium was adminis- 
tered intravenously. The arteries were transected with micro- 
vascular scissors, and the residual adventitia was cleared from the 
edges. 

For repair of the left carotid artery, four 7-0 nonabsorbable, 
horizontal mattress sutures were placed at 90° intervals to evert 
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the vessel edges. A microscope-mounted milliwatt carbon dioxide 
laser (Bio-Quantum Technologies, Houston) with a 250-um spot 
size was used to perform the LAVA (magnification, x40). A 
trigger switch activated the continuous mode beam, and 150 to 
175 mW applied over 8 to 10 s fused the tissue everted between 
sequential mattress sutures. An adequate laser seal was deter- 
mined by a tan discoloration of the tissue and a flattening of the 
everted surface. The right carotid artery was handled in a similar 
fashion except that eight to 11 nonabsorbable 7-0 simple sutures 
placed between the horizontal mattress sutures ensured an ade- 
quate repair. The compression-release technique determined im- 
mediate patency. The time required for the repair was recorded 
beginning with the placement of the first suture and terminating 
with reestablishment of blood flow. 

The paired vessels of three dogs were harvested either imme- 
diately or at two, four, or six weeks. The vessels were first 
inspected grossly for areas of stenosis, thrombosis, infection, and 
aneurysmal dilatation and then fixed by pressure perfusion with 
2% gluteraldehyde. Each vessel was halved in the long axis. A 
calibrated dissecting scope aided in determining external vessel 
diameter and wall thickness. One half of each vessel was processed 
for light microscopy with hematoxylin-eosin after sectioning at 
6-um thicknesses. The other half was rinsed in 0.1 mol/L of 
cacodylate buffer, postfixed with 1% osmium tetroxide, dehy- 
drated through alcohol, and dried at the critical point. These 
specimens were sputter coated with gold palladium and viewed ina 
scanning electron microscope (SEM). 

Prior to removing the vessels in the immediate group (n=8), 
anastomotic integrity was challenged by pharmacologic elevation 
of the systolic blood pressure of 300 mm Hg for 15 minutes with 
intravenous epinephrine (1 mg/500 mL). The arterial pressure was 
monitored by an intra-arterial catheter, pressure transducer, and 
strip recorder. 


RESULTS 
Gross Inspection 


All LAVA repairs were patent. One suture anastomosis 
(SA) was occluded at two weeks (92% patency). This pat- 
ency rate was observed despite a significant thrombus 
lining the luminal surface of all anastomoses on immediate 
inspection (Fig 1). A smooth flow surface was noted at all 
other time intervals. 

No areas of stenosis or aneurysmal formation were ob- 
served. One six-week laser repair had a decrease in wall 
thickness at the site of repair without obvious vessel 
weakness. A wound infection occurred in one animal at two 
weeks; however, the vessels were not involved. 

The time for actual vascular repair averaged seven and 25 
minutes for the LAVA and SA, respectively (P<.001, one- 
way analysis of variance). As technical skills improved, the 
time for repair decreased, suggesting the influence of a 
learning curve. 
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Fig 1.—Top, Suture repair of artery with 4-mm diameter. Note 
thrombus present in lumen overlying area of vascular repair (below 
needie). Bottom, Laser-assisted vascular anastomosis likewise 
shows patent lumen with thrombus overlying repair. 


Light Microscopy 


Low Power.—A nonocclusive thrombus lined the anasto- 
motic lumen in all vessels studied shortly after vascular 
repair. At no other time interval was a thrombus observed. 
Two immediately harvested LAVA vessels and one six-week 
LAVA vessel demonstrated approximately a 50% loss of 
medial thickness at the point of repair; however, there was 
no disruption or ballooning of the vessel wall. No areas of 
stenosis (>25% narrowing) or aneurysmal dilatation were 
noted. 

High Power.—Immediate.—The endothelium was dis- 
rupted for short distances in both techniques, with thrombi 
lining the inner vascular surfaces. The laser produced a 
coagulum of tissue with loss of cellular detail in the media 
and adventitia. This amorphous coagulum demonstrated an 
abrupt transition to structurally intact, normal-appearing 
tissue. Adventitial disruption and hemorrhage extended 
well away from the anastomosis in both the LAVA and SA 
repairs. The internal elastic lamina remained closely 
aligned. 

Two Weeks.—In both techniques, endotheliumlike cells 
were intact up to the anastomosis and continued into a cleft 
produced by eversion of the vessel edges. No intimal 
thrombus was present. There was subintimal hyperplasia 
with myofibroblasts randomly oriented. The media con- 
tained increased fibroblasts. Syncytial foreign-body giant 
cells invested the suture material in both techniques. 
Neutrophils and histiocytes were prominent with the 
greatest inflammatory reaction adjacent to the sutures. 
Early neovascularization was evident in the media and 
adventitia in both techniques. 

Four Weeks.—The intima was well healed over the laser 
anastomoses with subintimal myofibroblasts now oriented 
parallel with the long axis of the vessel. The endothelial 
cleft near the anastomosis was shallow and smooth (Figs 2 
and 3). Normal vessel architecture was more discernible. In 
both methods of repair, medial and adventitial mononuclear 
cell infiltration was still present, although diminished. 


Some macrophages contained hemosiderin pigment. The - 
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Fig 2.—Suture anastomosis at four weeks demonstrating smooth 
flow surface with endothelial-like cells. Moderate inflammatory 
reaction at area of suture is seen (arrow) (hematoxylin-eosin, 
x 180). 


laser coagulum was less prominent than at two weeks but 
remained hypocellular and initiated a negligible inflam- 
matory response. The sutures, more numerous in the SA 
repair, were surrounded by an active inflammatory reaction 
primarily of foreign-body giant cells (Fig 4). 

Six Weeks.—The endothelial-like cellular lining was 
smooth across the laser anastomotic zone, and no subin- 
timal hyperplasia remained. Residual inflammation in the 
media and adventitia was minimal except near the mattress 
stay sutures. In the SA vessels, the intima was healing, but 
there remained predominantly a giant cell reaction around 
the sutures. Neovascularization was well developed in both 
types of repair. The coagulated laser seal was even less 
prominent than at four weeks and remained hypocellular 
and relatively free of inflammatory reaction. 


SEM 


The presence of early endothelial cell loss and thrombus 
formation atthe area of anastomosis was confirmed by SEM 
in both the LAVA and SA repairs. There was no evidence of 
thrombus by two weeks, and intimal repair was advancing 
from the two approximated edges. At both four and six 
weeks, the degree of intimal healing with what appeared to 
be endothelium was complete (Figs 5 and 6). However, the 
flow surface appeared more uneven in the SA repair (Fig 5). 
At higher magnification, one could see many partially 
covered sutures that appeared as small protrusions on the 
luminal surface of the SA. The stay sutures protruded into 
the lumen of the laser repair (Fig 6), but the remainder of 
the flow surface was smooth. 


Hemodynamics 


The mean external vessel diameter was 4.2 mm; mean 
wall thickness, 0.38 mm; and calculated internal radius, 
1.72 mm. Utilizing the modified Laplace equation’ T = Pr/d 
(T indicates wall tension; P, peak systolic arterial pressure 
in dynes per square centimeter; 7, internal vessel radius in 
centimeters; and d, wall thickness in centimeters), the wall 
tension at the anastomoses was calculated. Systolic blood 
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Fig 3.—Smooth endothelial-like luminal covering presenting throm- 
bus-free flow surface after laser repair. Area of stay suture place- 
ment with typical inflammatory reaction is seen (large arrowhead). 
Area of amorphous laser coagulum demonstrates little surrounding 
inflammation (small arrowhead) (hematoxylin-eosin, x 140). 


pressure ranged from 100 to 300 mm Hg, or 1.3 to 4.0 x 10° 
dynes/cm’*. Wall tension values varied from 5.9 to 18.1 x 10° 
dynes/cm*. No anastomoses disrupted with this degree of 
lateral wall stress. 


Laser Power 


The power density (PD) is the energy transfer per unit 
area of tissue. Power density is calculated as follows: 
PD = power level in watts/m (spot radius in centimeters)’. 
The power was 150 to 175 mW; spot diameter, 250 um; and 
radius, 125 pm. The PD ranged from 306 to 357 W/cm’. 

The more important value for comparison of techniques in 
laser surgery is the energy fluence (EF), which is the power 
per unit of tissue over the length of time it is applied: 
EF = PD x exposure time in seconds. The laser power was 
applied for 8 to 10 s over the entire circumference. There- 
fore, the laser was applied for approximately 0.15 to 0.18 s at 
each 250-um spot to seal the entire 13.2-mm average cir- 
cumference of the artery. The calculated EF per spot is 45.9 
to 64.3 W-s/cm’. The entire EF is 2.42 to 3.39 x 10° W-s/cm’. 


COMMENT 


The LAVA requires approximately one third to one 
fourth the time it takes to perform an SA. Other in- 
vestigators have reported anastomotic times one third to 
one half that of SA.’” In the repair of arteries measuring 
1.6mm in diameter, McCarthy and associates’ required only 
two minutes for anastomotic completion after stay suture 
placement. Experience increases the speed and safety of 
repair. Lacking this experience, overexposure may result in 
charring and disruption of the laser seal, while the inade- 
quate application of laser power leads to early anastomotic 
dehiscence. 

The patency rate of the LAVA of small-diameter arteries 
(0.7 to 2.0 mm) is 80% to 100%.***’ Conventional suture 
microvascular repair has a similar early patency rate of 80% 
to 100%.*""" White and associates“ and Gomes et al” 
effectively used the argon laser to weld large-diameter 
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Fig 4.—Close-up of suture material (arrow) surrounded by syncytial 
giant cell inflammatory reaction (hematoxylin-eosin, x 820). 
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Fig 5.—Completed endothelial-like covering of flow surface of 
suture anastomosis at six weeks. Some of the rough appearance is 
due to partially covered suture material more clearly seen on higher 
power (original magnification, x 100). 





Fig 6.—Smooth surface of laser anastomosis with total coverage by 
endothelial-like cells. One stay suture protrudes into lumen, creat- 
ing raised area, while remaining surface is smooth (original magni- 
fication, x 100). 
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arteries (4 to 5 mm) with 100% patency. The present study 
demonstrated a similar patency in large-diameter arteries 
using controlled welding with a milliwatt carbon dioxide 
laser. The patency of the SA-repaired arteries was 92%. It 
appears that the LAVA is comparable to SA when early 
patency is evaluated. 

A sampling of the literature discloses an early aneurys- 
mal formation rate of zero to approximately 20% in end-to- 
end milliwatt carbon dioxide laser repair of arteries less 
than 2 mm in diameter.’”*”"*” It was postulated that 
thicker arterial walls might allow adequate preservation of 
the internal elastic lamina, thereby preventing the forma- 
tion of aneurysms.” In the large-diameter artery model, 
three LAVA-repaired arteries demonstrated almost a 50% 
loss of medial thickness in the area of the anastomosis. The 
medial loss of the six-week specimen did not appear to be 
more severe than that seen in the immediate specimens, 
which suggests that the problem does not become more 
severe with time. Furthermore, no aneurysms were found 
with either the laser or suture repair in these arteries of 
approximately 0.4-mm wall thickness. Thicker arterial 
walls may safeguard against aneurysms at the point of 
repair. 

Acland” found that even a small incision in an artery 
requiring a single suture for closure invariably produced a 
large intraluminal thrombus. Several other investigators of 
suture repair have described this coverage—which subse- 
quently resolves—of the anastomotic luminal surface with 
platelets and fibrin.””” Quigley et al,’ Serure and associ- 
ates,” and White et al* described the presence of an immedi- 
ate thrombus overlying the luminal surface of the LAVA 
repair. The thrombus is no longer noted after a few days. 
The presence of a small thrombus appears to be a common 
event in the early repair of a vascular anastomosis; however, 
the thrombus is no longer present with healing of the 
intima, and its formation is independent of the technique 
used for anastomosis. 

Acland and Trachtenberg” observed widespread initial 
loss of intima with an intact internal elastic lamina in suture 
repairs. Similar endothelial loss with suture repair was 
noted by other investigators." Complete endothelializa- 
tion was noted by two to three weeks, although the en- 
dothelial cells are not axially aligned for about four 
weeks." White et al’ found complete endothelial cell loss 
1mm from the LAVA with patchy loss for 2mm. Comparing 
LAVA and SA, Serure and colleagues’ noted endothelial 
return to the anastomotic area as early as five days after 
laser repair. McCarthy and asseciates’ noted near-complete 
coverage with endothelial-like cells at two weeks. Endo- 
thelialization in the LAVA appears to be complete by three 
weeks.'* The presence of a laser seal does not seem to alter 
the rapidity and completeness of the intimal regeneration 
- when compared with the SA repair. 

The laser produced a coagulum of tissue in the media and 
adventitia. Over time, the hypocellular coagulum was 
slowly replaced by the ingrowth of capillaries and regene- 
rated media until only a small amount of amorphous coag- 
ulum remained at six weeks. Minimal inflammation was 
noted in the area of laser repair. This histologic view of the 
early laser seal and its healing is reported by several 
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investigators.'*’ McCarthy and associates’ noted necrotic 
debris remaining in the media at two weeks, but by four 
weeks the cells identified as myofibroblasts were observed 
in the media with loss of some of the amorphous debris. By 
eight weeks, the amorphous material was almost com- 
pletely absent. The hypocellular coagulum is resorbed and 
possibly replaced with fibrous tissue and smooth muscle 
generated from myofibroblasts. The role of neovasculariza- 
tion in the healing process gradually increases, possibly 
supplying needed nutrition or vital cells."” This gentle 
reparative process is contrasted to the exuberant foreign- 
body reaction caused by sutures.’””" The SA is not devoid 
of medial necrosis as might be expected with the absence of 
direct medial manipulation.*”°” Serure et al’ clearly 
showed that the anastomotic site of the LAVA demon- 
strated less foreign-body reaction overall than the conven- 
tional suture repair. This may be one of the advantages of 
the LAVA technique. 

Concurrent with endothelial healing, subintimal hyper- 
plasia was observed. Myofibroblasts were present in this 
hyperplastic process, first randomly and then in a flow- 
oriented fashion. The hyperplasia had resolved by six 
weeks. Baxter et al” observed that since sutures inter- 
rupted the internal elastic lamina, effective repair can be 
achieved by a hyperplastic response (subintimal hyper- 
plasia). These authors also suggest that minimal medial 
damage is the most important single factor in successful 
small-diameter-vessel repair and that considerable disrup- 
tion of the internal elastic lamina and media may lead to 
excessive hyperplasia with eventual stenosis. Quigley and 
coworkers’ noted marked intimal thickening at three weeks 
with a milliwatt carbon dioxide laser repair. Intimal thick- 
ening of six to eight cell depths was also observed by 
McCarthy and associates.’ This finding has been noted in 
both LAVA and SA.*” The excellent patency rates observed 
do not support the concern expressed over this intimal/ 
medial process.”’ Moreover, in this laser model for large- 
diameter arteries, subintimal hyperplasia had resolved by 
six weeks. 

The tensile strength of the LAVA and its changing 
character with time are of great interest. To stress a critical 
technical point, four stay sutures were required for con- 
sistent laser results. In their absence, anastomotic disrup- 
tion was often observed after the return of arterial flow. 
There appears to be a finite circumference or length of tis- 
sue that can be laser welded without suture support. 
Beyond that point, the weld itself lacks the required 
strength to prevent immediate anastomotic disruption. But 
with the proper technique, an immediate wall stress of 5.9 
to 18.1 10° dynes/cm’ can be withstood without anasto- 
motic disruption. These values approximate the human 
popliteal and trifurcation arteries.° In a laser model, Gomes 
et alë demonstrated that an internal pressure of 730 mm Hg 
is initially required for rupture, but at six months greater 
than 2000 mm Hg is required for anastomotic disruption.” 
The immediate suture repair would remain intact to 
1250 mm Hg initially and to 2000 mm Hg at six months. 
Hartz et al” confirmed the increased strength of the laser 
bond over time. Following repair of rabbit carotid arteries 
with the milliwatt carbon dioxide laser, the vessels were 
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subjected to destructive axial loading in a testing machine 
(Instrom) at variable time intervals. The tensile strength 
for the LAVA repair was 10 x 10° dynes/cm* at one week and 
16 10° dynes/em® at six weeks. Hartz and coworkers” 
suggest that the changing nature of the laser bond must be 
responsible for the increased strength and that this process 
is most likely due to a remodeling of elastin and collagen. 
The two major advantages of a LAVA over an SA are the 
speed of performance and the absence of foreign bodies 
(sutures) after repair. The former technique may decrease 


end-organ ischemia during a required proximal vascular 
repair. The latter technique decreases the inflammatory 
reaction noted in the vessel wall and may prevent delayed 
luminal narrowing with overall improved patency rates. 
Early thrombosis, aneurysmal formation, or anastomotic 
strength are not obvious factors separating the two types of 
repair. These advantages of applying laser energy to the 
performance of a vascular anastomosis should spur further 
use of the milliwatt carbon dioxide laser in its capacity as an 
anastomotic tool. 
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Discussion 


WALTER J. McCartuy, MD, Chicago: The present study contin- 
ues a natural progression of experiments that began in 1983 after a 
group from Houston performed arterial anastomoses with a carbon 
dioxide laser. That initial report and several others have all echoed 
the excellent patency rates reported today, but many of the other 
reports have mentioned aneurysms following a small percentage of 
the repairs. It is significant that the authors did not find any 
aneurysms after LAVA, and I wonder if this reflects the relatively 
thicker arterial wall that was fused. 

As this technique has evolved at several different centers, stay 
sutures have always been an integral part of the procedure. They 
are used to align the vessel edges for accurate application of the 
laser energy, but they certainly do add to the final tensile strength 
of the repair being performed. 

In an attempt to understand the strength of laser-assisted 
constructions, we have measured the tensile strength of laser- 
assisted anastomoses with longitudinal distraction. We found that 
initially these anastomoses are weaker than sutured anastomoses, 
but at about one week the strength is equal. I wonder if the authors 
have tried to remove the stay sutures after these repairs to see if 
the anastomoses will maintain their integrity. 

This study was performed using the carbon dioxide laser. 
Technically, the laser unit used by the authors may be the most 
advanced available because it is mounted with a coaxial operating 
microscope that allows very detailed performance of the anasto- 
moses. In actuality, the superficial heating of the carbon dioxide 
laser may not be ideal for performing arterial anastomoses. Have 
the authors attempted to use other laser wavelengths, including 
the argon or neodymium-YAG lasers for arterial fusion? 

The model that was presented today is an end-to-end reconstruc- 
tion, which is ideal experimentally. Initially, it is easier to perform. 
It is easy to identify stenoses and aneurysmal formation, and it is 
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easier than most configurations to evaluate histologically. How- 
ever, we infrequently perform end-to-end arterial anastomoses 
clinically. Have the authors experimented with end-to-side recon- 
structions and vein-to-artery anastomoses? 

Dr DA.sinc: Basically, four questions were asked by Dr McCar- 
thy. 

First: Did we attempt any other type of anastomosis? Other 
investigators have performed end-to-side and side-to-side laser 
anastomoses between arteries and between artery and vein in 
small-diameter vessels. We have not attempted these procedures 
as yet in this large-diameter artery model. 

Second: Will destruction of the media result in problems with 
aneurysms? We saw about a 50% loss of media result in three of our 
LAVAs. However, this loss did not result in any clinical problem 
with aneurysmal dilatation. And as Dr McCarthy suggested, this 
effect may be due to the greater wall thickness with which we are 
working in these larger arteries. 

Third: Are stay sutures required? When we removed the stay su- 
tures the result, in general, was anastomotic disruption. There 
seems to be a finite length of vessel wall that can be welded without 
anastomotic leak; disruptions occur beyond this point. To my 
knowledge, no one exactly knows the length of that vessel wall, but 
it must be longer than the length between two stay sutures, ie, 
3.4 mm. 

Fourth: Are other wavelengths useful? We have not used any 
other wavelengths in this model. Other researchers have used the 
argon laser in welding arteries of larger diameters with rather 
good results. Which laser is going to be the most useful in LAVAs 
depends on further knowledge about laser tissue interaction, the 
effect of absorption coefficients, and many other factors that arise 
when laser energy contacts living tissues. Much more research is 
required to delineate the basic biology of laser welding. 
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Penetrating Arterial Trauma 


Analysis of Missed Vascular Injuries 


J. David Richardson, MD; Gary C. Vitale, MD; Lewis M. Flint, Jr, MD 


è From 1976 to 1981, 677 patients with potential vascular 
injuries from penetrating wounds to the upper and lower ex- 
tremities and the neck were treated. Surgical exploration was 
used to evaluate 237 patients; 440 patients were evaluated by 
arteriography alone, with negative results. In the group that 
underwent surgery, there were 137 arterial injuries detected. 
Follow-up studies were performed to assess the rate of missed 
vascular injuries using each diagnostic modality. Short-term 
follow-up was obtained in 81% of all patients. Long-term 
follow-up, averaging 5.1 years, was obtained in 33% of the 
patients. Vascular injuries, which went undetected at the time 
of initial evaluation, were present in both the group evaluated 
by vascular exploration and the arteriography group. The 
combination of arteriography and exploration detected no 
missed injuries on follow-up. 

(Arch Surg 1987;122:678-683) 


mergency arteriography is an accepted diagnostic 
study in the management of peripheral vascular 
trauma. Indications for arteriographic study and the rela- 
tive role of arteriography and routine surgical exploration 
for potential vascular injuries vary widely among institu- 
tions. To date, long-term follow-up data that verify the 
accuracy of these approaches in regard to missed injuries 
and long-term complications have been lacking. Our study 
assesses both emergency arteriography and primary surgi- 
cal exploration in penetrating arterial trauma, with a mean 
five-year follow-up in 33% of cases. 


METHOD 


From 1976 to 1981, 677 patients were treated at the Louisville 
General Hospital for penetrating injuries to the upper or lower 
extremities or the neck that were felt to be in proximity to the 
major arteries in the area. Indications for arteriography and/or 
exploration included the following: (1) proximity of injury to vessel; 
(2) absent or decreased arterial pulse peripherally; (3) sensory or 
motor deficit; (4) large or expanding hematoma; (5) external 
bleeding; and (6) hypotension with proximity of penetrating wound 
to major vessel. 

There were 237 patients treated with surgical exploration for 95 
stab wounds, 115 gunshot wounds, and 27 shotgun wounds. Sev- 
enty-six patients underwent angiography prior to their operative 
procedure. One patient underwent arteriography postoperatively 
because of persistent suspicion of vascular injury following normal 
exploration. Over the study period, approximately 440 normal 
arteriograms were obtained for penetrating extremity or cervical 
trauma for one or more of these indications. In these patients, 
angiography was used as the sole means of assessing the presence 
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or absence of vascular injuries (in addition to the clinical evalua- 
tion). If no vessel injury was detected, the patient was observed in 
the hospital for a brief stay prior to discharge and was followed up 
in the trauma clinic. 

All angiographic studies were performed in the radiology de- 
partment. If the injury involved the upper extremity—the selec- 
tive subclavian, axillary, or brachial artery—arteriography was 
performed depending on the injury location. For lower-extremity 
injuries, aortoiliofemoral or selective femoral arteriography was 
performed with evaluation of distal run-off. Most studies were 
performed with diatrizoate sodium (Renografin-60; Squibb Diag- 
nostics, New Brunswick, NJ). Digital vascular imaging was not 
available during the period of this study. During this period, 
several patients with extremity wounds who were felt to be at 
minimal risk for arterial injury as evaluated by the above criteria 
were observed without exploration or arteriography. The number 
in this latter group remains unquantified but is felt to have been 
small for those with true proximity of the wound to major arteries. 

Short-term follow-up, which included a physical examination, 
was available for 81% of the cases. An attempt was made to contact 
all of these patients five to ten years postoperatively via mailed 
questionnaires, telephone interviews, survey of vascular clinic 
records, and through the use of a paid social worker who was skilled 
in locating patients with a transient life-style. Late follow-up was 
obtained in 33% of the cases. A mean follow-up of 5.1 years has been 
obtained for 66 patients with arm, 145 with leg, and 34 with cervical 
injuries. This represented a long-term follow-up for 33% of the total 
group of patients. We were able to obtain a somewhat higher 
percentage of follow-up for those patients who underwent surgical 
exploration than for those who had angiography alone. 


RESULTS 
Operative Treatment 


Surgical exploration was prompted by proximity to a 
major vessel in 110 patients. Hypotension (blood pressure 
<80 mm Hg), alone or combined with other signs, was 
present on admission in 45 of these patients. Arteriographic 
findings prompted operative treatment in the absence of 
specific clinical indications in 24 instances. An absent distal 
pulse was the prime indicator for exploration in 41 patients 
(46%) with arm injury, 23 (32%) with leg injuries, and one 
(1%) with penetrating cervical trauma. External bleeding 
in 25 patients and expanding hematoma in 12 patients 
prompted early exploration. 

There were 137 arterial injuries identified at exploration 
of the site of injury. The incidence of arterial injury detected 
at exploration was 85% for the arm, 65% for the leg, and 19% 
for cervical trauma. Table 1 delineates actual vessel distri- 
bution of injury for all three areas. 

Preoperative arteriography was performed in 76 patients 
and allowed for a correlation between the radiologic and 
operative assessment. The arteriogram was normal in 15 
patients and indeed appeared normal at the time of surgery 
in 14 of these 15 cases. One patient was found at the time of 
surgery to have an arterial injury, giving angiography a 6% 
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Table 1.—Distribution of Arterial Injuries 


Artery No. of Patients 


Arm 
Axillary 10 
Brachial 15 
Radial 22 
Ulnar branch 21 


Branch 


Femoral 
Common 
Superficial 
Profunda 

Popliteal 

Trifurcation 


Carotid 
Common 
Internal 
External 

Branch 

Vertebral 


immediate false-negative rate. An abnormal arteriogram 
was obtained in 61 patients, with no injury found at explora- 
tion in four of these instances, yielding a 7% false-positive 
rate. The remaining 57 cases had an injury confirmed intra- 
operatively, which sustained the angiographic findings. 

Arm wounds were treated primarily with excision and 
primary anastomosis (44 cases) or excision of the damaged 
vessel with the use of an interposition graft (20 patients). 
Vessel ligation was used to treat injuries to branch vessels 
of the radial or ulnar artery in 11 instances. Vascular 
injuries to the leg were managed by resection of the 
damaged vessel with interposition grafting or primary 
anastomosis performed in 26 and 15 cases, respectively. 
Vessel ligation of a branch of the trifurcation was performed 
in two instances and on one occasion was used to treat a very 
distal profunda femoral artery injury. Major carotid inju- 
ries were all repaired, while branch injuries were treated 
with ligation. 

Surgical complications included wound infection in six 
patients, graft thrombosis in eight, and anastomotic ste- 
nosis in one. Graft thrombosis was operatively corrected in 
six of the eight cases in which it occurred. There were five 
deaths; three were due to exsanguination, one to a stroke 
that was present preoperatively, and one to abdominal 
sepsis unrelated to the vascular injury. No arm amputations 
were performed. Three lower-extremity amputations were 
required during the course of hospitalization. Ten upper- 
extremity and 16 lower-extremity fasciotomies were per- 
formed for either documented or suspected compartment 
syndromes. 


Follow-up Study 


Four groups of patients were available for follow-up study 
to determine the presence of missed vascular injuries with 
each of the modalities in use to detect such injuries. The 
patients who were available for long-term follow-up are 
indicated in Table 2. We were able to evaluate 45% of the 239 
patients who underwent arterial exploration (with or with- 
out adjunctive arteriography) and 30% of the patients who 
had angiography alone, and in whom no further diagnostic 
studies were performed. In the group of patients who were 
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Table 2.—Long-term Follow-up of Potential Vascular Injuries 





No. of Patients No. of Patients 
Method of Initially With Long-term % of Patients 
Evaluation Treated Follow-up Followed up 


Exploration 161 72 45 
Angiography 440 133 30 
6 35 44 












Angiography plus 
exploration i 


Table 3.—Number of Patients Followed up by Method 
of Evaluation and Anatomic Site 







Anatomic Site 
Method of 
Evaluation A 


rm Leg Neck Total 
30 99 3 132 
145 28 ay 






Angiography 


Table 4.—Analysis of Missed Injuries 





No. (%) of 
Patients 


No. of Missed 


Method of Evaluation Injuries 


Exploration } 161 (3.6) 6 
Angiography 440 (1.8) 8 
Angiography plus exploration 76 (0) 


0 
Observation e S 3 


observed without undergoing surgery or angiography, it 
was impossible to identify an adequate cohort of patients to 
follow up. However, the total number of patients in this 
group was thought to be small. The distribution of the 
patients available for long-term analysis by method of study 
and anatomic site is shown in Table 3. 

Initially unrecognized vascular injuries were subse- 
quently detected in 17 patients (Table 4). Eight were missed 
by arteriography, six by surgical exploration, and three by 
observation without either arteriography or surgery. No 
injuries have subsequently been detected in the group of 76 
patients who had both angiography and vascular explora- 
tion. The vast majority of patients with missed injuries 
presented themselves to the clinic or hospital with com- 
plaints referrable to the injury. Our follow-up disclosed two 
cases of arterial thrombosis and one arteriovenous fistula 
that had not previously come to medical attention. In this 
patient population, which is largely indigent, we found no 
instance in which a patient had a vascular injury treated at 
another institution following discharge from our hospital. 

A detailed analysis-of each of the missed injuries was 
performed with a careful review of angiograms, operative 
records, and discussion with the initial operating surgeon 
when possible. An attempt was made to outline the factors 
responsible for the missed injury. 

There were eight injuries subsequently detected that 
were not demonstrated by angiography alone. Three pa- 
tients had arm injuries, which contained undiagnosed vas- 
cular lesions. The subclavian artery was injured in one 
instance, and the axillary artery was injured in two cases. 
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*AV indicates arteriovenous. 


Four femoral artery injuries were not detected by angiogra- 
phy. One patient with a neck wound had a false-negative 
angiogram. The modes of patient presentation with compli- 
cations are included in Table 5. An analysis of the reasons 
for the missed injury disclosed that two of the eight cases 
had a technically inadequate study, in that the injured 
vessel was not adequately visualized. In the case in which 
an arm wound was missed, the detailed films evaluated the 
axillary and brachial arteries adequately, but the area of 
injury was actually proximal in the subclavian artery. A 
neck wound was missed when the carotid artery was found 
to be normal, but an inadequate evaluation of the ureteral 
artery was not performed. The patient subsequently devel- 
oped a vertebral artery arteriovenous fistula. One patient 
sustained a .357 magnum gunshot wound to the arm and had 
a normal angiogram (Figure). The patient was found on 
follow-up to have a thrombosed artery. Undoubtedly, the 
concussive effect of this high-velocity wound resulted in 
damage that led to delayed thrombosis, although the artery 
appeared normal, even on a retrospective review of the 
angiograms. However, in six of the cases, the study ap- 
peared to be technically adequate, and even a retrospective 
review failed to disclose the cause of the problem. 

There were no arm injuries missed by vascular explora- 
tion. Three leg injuries were not appreciated at the time of 
the initial vascular exploration but were subsequently 
detected. Two of the patients had pseudoaneurysms, and 
one had an expanding hematoma. Two patients had delayed 
presentations of arteriovenous fistulas in the neck following 
cervical exploration, and one patient had an intimal injury, 
which appeared to result from a concussive force to the 
vessel wall without actual vessel penetration. This resulted 
in partial thrombosis of the vessel. An analysis of these 
failures disclosed that two of the patients had undergone 
explorations that were not adequate for visualization of the 
site of the injured artery. In two additional cases, the extent 
of injury was not adequately appreciated, as mentioned 
above, in the carotid artery injury. In another two cases, 
the reason for failure was not apparent, because the proce- 
dure appeared to have been appropriately conducted. 

Three patients who had undergone observation alone 
presented with undetected vascular lesions despite the fact 
that they were not initially thought to have a significant risk 
for such an injury. Because the denominator for such 
injuries is unknown, it is impossible to determine the rate of 
missed injuries in this circumstance, but such problems 
highlight the need for diligence in even trivial-appearing 
wounds of the neck or extremities. 

No lives or limbs were lost as a result of the missed 
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Pseudoaneurysm Thrombosis Hematoma 


Angiography 1 1 1 1 1 2 1 i's. 


Vascular 
exploration 0 0 0 0 1 2 2 1 


Observation 0 0 1 0 0 2 0 LN 


Leg Neck 


e N, 
AV 
Fistula 


AV 


Pseudoaneurysm Fistula Thrombosis 





Arteriogram showed completely normal vessel on all views follow- 
ing high-velocity gunshot wound. Note metallic fragments in area of 
artery. Vessel subsequently thrombosed. High-velocity missile 
wounds represent difficult injuries to detect by either angiography or 
surgery. 


injuries. All injuries were able to be repaired with satisfac- 
tory long-term outcome. However, the treatment of such 
problems as pseudoaneurysms and established arterio- 
venous fistulas are technically challenging and unques- 
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tionably place the patient at greater risk than they would 
face with a prompt diagnosis and treatment. Primary 
complications of the missed injuries have included a femoral 
neuropathy in a patient with a pseudoaneurysm of the 
femoral artery and chronic venous insufficiency of the leg, 
secondary to an arteriovenous fistula. 


COMMENT 


The relative roles of arteriography and surgical explora- 
tion have been controversial. The “gold standard” for the 
detection of vascular injuries has been surgical exploration. 
The use of the operative approach was considered to nearly 
eliminate missed injuries with the drawback of a high rate of 
negative findings on exploration. On the other hand, ar- 
teriography was considered unreliable for the accurate 
detection of head injuries. Undoubtedly, early studies on 
angiography failed to include subtle findings as positive 
injuries and thus the rate of false-negative studies in- 
creased; however, angiographic techniques have improved 
greatly in recent years as well.’’ Early experimental data 
reported by Lain and Williams’? suggested that arteriogra- 
phy may be normal in up to 60% of cases with acute pene- 
trating arterial trauma. Subsequent clinical experience has 
not confirmed this observation, and the experimental model 
does not adequately simulate actual arterial trauma. 
Nevertheless, the impression that arteriography may be 
unreliable remains for many clinicians, with surgical explo- 
ration presumed to be superior. The problem with past 
analysis has been the lack of long-term follow-up studies to 
clarify the true false-negative rates of both arteriography 
and surgical exploration. Clearly, if exploration is done 
immediately following arteriography, and the latter is con- 
sidered the standard, studies will, by definition, indicate 
arteriography to be the inferior detection modality. 

Our study has many flaws, the most notable of which is 
the low follow-up rate we were able to obtain. However, it 
represents one of the best-studied groups of patients with 
long-term follow-up available. We were chagrined to find 
missed arterial injuries of any type but as surgeons were 
especially disappointed that the use of vascular exploration, 
as practiced by our trauma service, did not eliminate missed 
vascular injuries. Clearly, a number of the injuries that 
went undetected by exploration or angiography could have 
been identified by proper attention to detail and better 
technical performance of the procedure. Our study clearly 
demonstrates that there is no perfect diagnostic test and 
that any procedure, including surgery, may have a false- 
negative rate, which is troublesome. Only meticulous atten- 
tion to detail can reduce or eliminate these problems. 

One can infer from our data that angiography is superior 
to vascular exploration, even though the crude rate of 
missed injuries appears higher. First, we had a much higher 
long-term follow-up rate in patients who had undergone 
operation than in those who had angiography alone. In part, 
this may have been due to the greater tendency of postoper- 
ative patients to return for follow-up visit, whereas those 
having angiography alone are less likely to return. Second, 
it must be remembered that we chose to operate on the 
patients with the most suspicious wounds; thus, the likeli- 
hood of injury was undoubtedly greater in the group under- 
going exploration. Therefore, we do not believe that either 
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method can be judged superior. In faet, our data would 
support the use of a combination of arteriography and 
exploration, as we have detected no missed injuries in 
patients treated with this approach. Given the cost-con- 
scious mode that medical practice has entered, the use of 
dual modalities may not be practical for most injuries, but 
we have tended to use this approach with suspicious injuries 
that do not have a clear-cut indication for surgery. 

Late complications of missed arterial injury include ar- 
terial thrombosis, arteriovenous fistulas, and pseudoaneu- 
rysm formation. The frequency of occurrence is suggested 
by Rich et al,‘ who report 558 arteriovenous fistulas and 
false aneurysms occurring in 507 patients, representing 7% 
of the injuries in the Vietnam Vascular Registry. Eighty- 
five percent involved extremities, usually the leg, and there 
was a delay in diagnosis of greater than 30 days in 47% of 
patients. In a study of 69 patients with posttraumatic acute 
and chronic arteriovenous fistulas, Kollmeyer et al note 
that arteriography identified 45% of unsuspected arterio- 
venous fistulas in patients at risk only due to wound 
proximity to vessel as determined clinically. These data, 
coupled with the difficulty in managing late-presenting 
large fistulas, make a good argument for liberal use of 
preoperative angiography in the stable patient.’ 

Snyder et al’ reported one false-negative arteriogram 
after immediate operative correlation in 183 penetrating 
extremity wounds, and their classic study has done much to 
popularize the use of arteriography. Smith et al* reported no 
injuries missed by arteriography among 70 patients under- 
going arteriography, 58 of whom had penetrating trauma, 
26 of which were explored. Hiatt et al described 105 
patients with penetrating injuries to the neck and upper 
portion of the chest, 102 of whom were studied angiograph- 
ically, 18 of which were explored. Angiography underesti- 
mated the arterial injury in two cases and missed a major 
associated venous injury in three. Those studies all show 
that there is a true false-negative rate with arteriography. 

The association of major venous injury with arterial 
injury at the base of the neck has been noted by Flint et al” 
and may be present in up to 50% of the patients. The 
difficulty in the diagnosis of arteriovenous fistula, even with 
adequate angiography, is highlighted by a missed injury ina 
case reported by Mavroudis and associates” in which the 
initially normal arteriogram was later correctly interpreted 
when the loud bruit from a carotid-jugular fistula became 
clinically apparent. Although arteriography in the presence 
of venous injury may be hard to interpret, it can be valuable 
in detecting lesions that, particularly in the neck, might 
remain occult.” 

Surgical exploration, as well, has been demonstrated to 
miss selected arterial injuries. Graham et al” reported two 
undetected injuries in 65 patients with penetrating axillary 
wounds; both of these were missed at surgical exploration. 
One was found with development of a fistula one week 
following surgery and the other with a pseudoaneurysm 
three weeks following injury. Three late injuries were noted 
in a series of 122 patients described by Bole et al.* Two had 
brachial artery injuries and developed pseudoaneurysms 
following initial observation; an iliac artery injury in the 
same series was missed at initial abdominal exploration. 
Unger et al” performed vascular studies on a group of ten of 
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19 patients who had surgical repair of carotid artery injuries 
with a mean follow-up of 4.6 years. They found one un- 
suspected stenotic repair, two false aneurysms, and one 
arteriovenous fistula. For upper extremity injuries, it is 
well understood that collateral flow may result in nearly 
normal perfusion and sparing of the deep brachial artery 
can allow a persistent radial pulse.” Thus, late occlusions 
are difficult to detect. Therefore, it is possible that physi- 
cians may be lulled into a false sense of security about their 
results unless the patients are earefully screened for poten- 
tial injuries. 

Amputation following civilian arterial trauma ranges 
from 3% to 7%, with higher rates (15% to 21%) for shotgun 
blasts and blunt mechanisms of injury.’*” Missed injuries 
clearly lead to increased incidence of amputation, with 
Snyder et al® reporting at least one amputation resulting 
specifically from a missed arterial injury following explora- 
tion. Additionally, they note two other failed cases strongly 
suggestive of undetected injury. Inadequate exposure, in- 
complete exploration, and insufficient persistence on the 
part of the surgeon to ensure arterial integrity were re- 
ported as causative. Although we had no amputations as a 
result of missed injuries, we agree completely with the 
analysis of the report from Dallas.” 

These data indicate that both arteriography and immedi- 
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ate surgical exploration are accompanied by a low but 
significant false-negative rate when followed on a long-term 
basis. Arteriography, in selected stable patients, is a safe 
alternative to surgical exploration and does not appear to 
lead to a disproportionate number of late-presenting com- 
plications of primary injury. In selected, difficult-to-ex- 
plore areas, such as the base of the neck, angiography may 
delineate definite pathology and result in more thorough 
and successful exploration, thus reducing late missed inju- 
ries. The use of preoperative angiography likewise appears 
beneficialin a selective high-risk group of patients. Surgical 
exploration must be done carefully with the entire vessel at 
risk for injury exposure if the technique is to be useful for 
decreasing missed injuries. Careful attention by the radi- 
ologist to the proper exposur of the area of injury is 
likewise crucial to avoid problems, and a dialogue between 
the surgeon and radiologist is ideal. As the results of this 
long-term study have become apparent to the physicians 
caring for our patients, the incidence of delayed injuries has 
dropped dramatically. It has been gratifying that in the last 
three years we have not detected any missed arterial 
injuries. 

The authors appreciate the assistance of Melodie A. Vitale with data 


collection and patient recall and of Susan Brown with manuscript prepara- 
tion. 
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DISCUSSION 


Davin V. FELICIANO, MD, Houston: The care of the traumatized 
patient extends from the time of injury in the field through the 
emergency center, operating room, surgical intensive care unit, 
and, finally, to a comprehensive review of outcome in either an 
early or late follow-up clinic. It is this last step that urban trauma 
centers often fail to complete because of the transient and un- 
sophisticated nature of the patient population. Therefore, I wish 
first to congratulate Dr Richardson and his colleagues on their 
attempt to contact all of these patients and on their excellent 33% 


_ long-term follow-up rate. This is almost twice the late follow-up 


rate we were able to generate during our PTFE study reported in 
1985. I would also note that we offered our patients $40 at that time. 

Whether you choose to use emergency center arteriography, as 
we have, or formal arteriography, what you are trying to detect is 
the small wall injury with normal distal flow or a small amount of 
extravasation, again with normal distal flow. What you are trying 
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to avoid by careful screening is missing a small injury at the 
original presentation that may eventually develop into a large 
pseudoaneurysm or arteriovenous fistula with secondary neu- 
rologic or venous compromise as the lesion enlarges. 

I would like to emphasize two other points and ask two ques- 
tions. The authors have noted that most of their missed arterial 
injuries were readily detectable on a comprehensive physical 
examination. In our experience with missed arterial injuries 
during my tenure at Ben Taub General Hospital, Houston, 75% of 
patients’ peripheral arterial injuries that were missed on examina- 
tion, arteriography, or the lack of these, or at operation, have been 
diagnosed within three weeks of injury. These patients do return to 
the publie hospitals that originally treated them for both economic 
reasons and because they can recognize or feel a bad result, just as 
their physicians do. 

The second point of emphasis is that missed injuries to the 
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tibiofibular vessels are the most common in our recent experience, 
and I suspect that there may be some patients with occlusions or 
pseudoaneurysms of the shank vessels presently walking on the 
streets of Louisville. 

The first question is, in your 76 patients who underwent 
preoperative angiography, how many had proximity as the sole 
indication, and what percentage of these had an arterial injury 
noted? It has long been our contention that proximity wounds alone 
have a 10% to 15% incidence of arterial injury. Second, if you have a 
positive preoperative arteriogram, but no arterial injury is found 
at the time of exploration, what advice do you give to your 
residents? What is your next step in the operating room, and how 
do you now follow these patients after discharge? 

Wayne H. SCHWESINGER, MD, San Antonio, Tex: I also would 
like to commend Dr Richardson and his coauthors for underscoring 
the fact that it is possible to miss significant arterial lesions, even 
when using conventional diagnostic techniques. I think it is useful 
for us to be reminded of our limitations at least occasionally. The 
report, as acknowledged by the authors, also has some limitations, 
the most notable of which is the fact that the follow-up is in- 
complete. 

Nonetheless, there are some very meaningful data here, as has 


` been emphasized by Dr Feliciano, and those data can be best 


examined from the arteriographic and operative points of view. 

If one examines, in the first instance, the data relating to 
arteriographic sensitivity, in the 440 patients studied arterio- 
graphically only, the sensitivity looks very good, with a miss rate of 
1.1%. Perhaps more important is the small subset of 15 patients, 
who had preoperative arteriograms and subsequent operative 
management. One patient (6%) was found to have a missed lesion, 
so that we may estimate that at least somewhere between 1.8% and 
6% can be expected to have missed lesions. 

Operative exploration was conducted in 161 patients and was 
associated with a reported miss rate for arterial lesions of 3.6%. It 


could be argued, in fact, that the denominator for that particular 
_ figure should not be the total group of patients who underwent 


exploration, but those who were explored and found to have no 
arterial lesions, a number that was almost half of that figure. Using 
the new figure as a denominator, the miss rate would be very 
similar to the one reported for the arteriographic studies, some- 
what closer to 7%. So it is difficult, comparing these two studies, to 
assign one as a gold standard in this particular problem. 

The clinical message of this study is an important one. It is that 
we are fallible and that continued clinical vigilance is necessary. 
How do we improve on the miss rate, which is small but meaningful 
and carries substantial consequences? We continue to make efforts 
to improve both arteriographic methods and operative exploration. 
In this regard, let me ask two questions related to changes that 
have occurred recently in both of those disciplines: First, what is 
the role of digital subtraction angiography? Does it offer an 
opportunity for improvement in preoperative angiograms, or 
should we be approaching these studies with a good deal of caution? 
Second, in problem cases operatively explored, what is the role of 
the intraoperative Doppler in identifying intraluminal intimal 
disruptions that may not be apparent on the external examination? 
From an overall point of view, you might comment on what your 
current approach is to the stable patient with a potential arterial 
lesion. 

ERWIN R. THAL, MD, Dallas: I would like to commend Dr 
Richardson and his coauthors for their critical analysis, long-term 
follow-up, and courage to report the results. 

We have had a long-standing interest in vascular injuries and 
vascular radiology. I think we have learned a few things from our 
radiologists, and we have subsequently pointed out a few things to 
them. 

Many times, the radiologists are not as comfortable dealing with 
the injured patient as they are with the noninjured patient. 
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Therefore, it is important for the surgeon to take an active role in 
talking to the radiologist prior to the studies and reviewing the 
films prior to removing the catheter. 

In looking over our results, we have been impressed with a few 
technical items that have been helpful in allowing us to achieve 
good quality films and identify subtle injuries. It is important to 
mark both the entrance and exit wounds in patients with gunshot 
injuries, as well as the entrance wound in patients with stab 
wounds. This permits a better spatial relationship when reviewing 
the films. Likewise, it is important to have generous proximal and 
distal visualization of the suspected area of injury. 

Contrary to our colleagues in Houston, we feel that we get better 
angiographic results in the radiology department than in the 
emergency department. We feel that the technique of biplane 
angiography, multiple views, and the use of subtraction techniques 
have been very helpful in identifying subtle injuries. 

RoBERT S. RHODES, MD, Cleveland: Was there any correlation 
between the frequency of missed injury and the mechanism of 


injury? Were you more likely to have trouble with a shotgun wound — 


than you were with a gunshot wound? 

The other question I have is, when you explore a patient because 
of an obvious gunshot wound, do you routinely perform postopera- 
tive angiography to assess whether there is a concomitant injury or 
embolus? 

Dr RICHARDSON: Regarding Dr Feliciano’s specific question 
about those 76 patients who had preoperative angiograms, the 
majority were done for proximity only. At that time, if the patients 
had any signs of vascular injury, we generally were recommending 
vascular exploration. Now we are much more likely, with stable 
patients, to answer Dr Schwesinger’s question, to do angiography. 
We have been very much guided by the efforts of the Parkland 
group’ in this regard as well. The positive injury rate for those 76 
patients was about 30%. 

If the preoperative angiogram was abnormal, but the vessel 
appeared normal, we generally did on-table angiography, trying to 
see if that vessel still appeared to be normal. 

Obviously, if it was abnormal a second time, then we generally 
resected that vessel. There have been a few cases in which there 
seemed to be an intimal injury, but the external surface of the 
vessel appeared normal, and if we are confident that we are in the 
right area, we have actually resected the vessel in a few instances 
with positive findings. I think it depends on how abnormal the 
angiogram looks. 

In answer to Dr Schwesinger’s questions, we really have not 
been satisfied with the digital subtraction technique. I think the 
regular subtraction films of standard angiograms are very helpful 
in certain cases, but we generally have not relied on the digital 
subtraction angiography method. We have not evaluated the 
intraoperative Doppler in any kind of systematic way, so I will not 
comment further on its use. 

I agree with Dr Thal’s comments and recognize that his unit has 
certainly been a leader in teaching us a great deal about this whole 
problem. 

Regarding Dr Rhodes’ comments, I think it is clear that, in our 
experience, gunshot wounds are the injuries most missed. Shotgun 
wounds present a whole different set of problems, which we have 
previously reported, but the majority of these patients had 
gunshot wounds. 

In terms of the use of postoperative angiography, there are 
certain situations in which we use completion angiography to try to 
look at both anastomosis and other potential areas of injury 
because, certainly, just because you have one bullet wound to a 
vessel does not mean that there might not be a more proximal or 
more distal wound. If there is any question about these patients, 
we often tend to do standard angiography as well before discharge 
of the patient. 
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Thyroid Neoplasia Following Radiation 


Therapy for Hodgkin’s Lymphoma 


Christopher McHenry, MD; Harriet Jarosz; David Calandra, MD; 


Anne McCall, MD; A. M. Lawrence, MD, PhD; Edward Paloyan, MD 


è The question of thyroid neoplasia following high-dose 
radiation treatment to the neck and mediastinum for malignant 
neoplasms such as Hodgkin’s lymphoma in children and 
young adults has been raised recently. Five patients, 19 to 39 
years old, were operated on for thyroid neoplasms that devel- 
oped following cervical and mediastinal radiation therapy for 
Hodgkin’s lymphoma. Three patients had papillary carcinomas 
and two had follicular adenomas. The latency period between 
radiation exposure and the diagnosis of thyroid neoplasm 
ranged from eight to 16 years. This limited series provided 
strong support for the recommendation that children and 
young adults who are to receive high-dose radiation therapy to 
the head, neck, and mediastinum should receive suppressive 
doses of thyroxine prior to radiation therapy in order to 
suppress thyrotropin (thyroid-stimulating hormone) and then 
be maintained on a regimen of suppression permanently. 

(Arch Surg 1987;122:684-686) 


| | odgkin’s lymphoma frequently affects the cervical and 

mediastinal lymphatic areas, which are the primary 
targets for radiation therapy. The thyroid gland is included 
within the radiation field and therefore is exposed to high- 
dose radiation and its consequences. External irradiation in 
patients with Hodgkin’s lymphoma may produce a broad 
spectrum of radiation-induced syndromes that include 
masked hypothyroidism, overt symptomatic hypothyroid- 
ism, and benign and malignant thyroid neoplasms." Thy- 
roiditis,° hyperparathyroidism,’ and hyperthyroidism with 
Graves’ ophthalmopathy? have also been described as se- 
quelae of high-dose irradiation. The high incidence of 
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thyroid dysfunction has not been fully appreciated in the 
past because of its predominantly subclinical nature. Thy- 
roid neoplasia also has seldom been reported. 

The purpose of this report is to demonstrate that thyroid 
carcinoma does occur following high-dose radiotherapy to 
the head, neck, and mediastinum in adults as well as 
children. In the past, these patients were considered im- 
mune to the risk of thyroid neoplasia because the radiation 
doses used were believed to be ablative to the thyroid 
gland.* Because Hodgkin’s lymphoma affects younger pa- 
tients with the potential for long-term survival, the subse- 
quent development of thyroid neoplasia is a significant 
consideration. 


PATIENTS AND METHODS 


Over a period of 17 years (1969 through 1986), five patients with 
Hodgkin’s lymphoma were operated on for nodular thyroid disease. 
In all five patients, cervical or mediastinal irradiation was the 
primary mode of therapy for Hodgkin’s lymphoma. In each case the 
thyroid gland was included within the radiation port. One patient 
received a radiation dose of 1200 rad (12 Gy), and four patients were 
treated with high-dose radiation therapy exceeding 3900 rad 
(39 Gy). 

All patients presented with palpable thyroid nodules. A thyroid 
scan demonstrated a cold nodule in all five patients. Three of the 
five patients were hypothyroid. One of the three patients had been 
treated with thyroid hormone for five years. In the other two 
patients, hypothyroidism was diagnosed when they presented with 
the thyroid nodules. 


RESULTS 


There were four female patients and one male patient. 
The age at the time of radiation exposure ranged from 5 to 
27 years. All patients underwent a standard total thyroid- 
ectomy. Their ages at the time of operation ranged from 19 
to 39 years. Parathyroid autotransplantation into the ster- 
nocleidomastoid muscle was performed in four of the five 
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Patient/Age, Radiation Dose, 





4000 (40) 


patients. Modified radical neck dissection was performed in 
one patient with papillary carcinoma and cervical lymph 
node metastases. a i 
The pathologic findings were papillary carcinoma in three 
patients operated on 8, 9, and 16 years, respectively, after 
their radiation exposure and follicular adenoma in two 
patients operated on 11 and 14 years, respectively, after 
radiotherapy for Hodgkin’s lymphoma. A summary of the 
clinical profiles of the five patients is presented in the Table. 


COMMENT 


Since the first report of thyroid neoplasia following 
thymic irradiation in infancy,’ the phenomenon of thyroid 
neoplasia associated with low-dose radiation, therapy in 
infants, children, and teenagers for benign conditions such 
as enlargement of the thymus, enlarged torisils and ade- 
noids, acne vulgaris, and tinea capitis has been well estab- 
lished.” Only recently, however, has the as8ociation of 
thyroid neoplasia with high-dose radiation therapy for 
Hodgkin’s lymphoma been reported." Previously it was 
believed that radiation doses exceeding 2000. rad (20 Gy) 
either destroyed the follicular cells of the thyroid gland or 
interfered with their ability to divide.’ Thus, patients with 
Hodgkin’s lymphoma treated with high-dose radiotherapy 
were not considered to be at risk for the development of 
thyroid neoplasia. 

In this series, four of the five patients were treated with 
high-dose radiotherapy exceeding 3900 rad (39 Gy), and 
three of five patients had documented postradiation hy- 
pothyroidism. The pathologic findings were papillary car- 
cinoma in three patients and follicular adenoma in two 
patients. 

Furthermore, the fully adult thyroid gland was thought 
to be resistant to the effects of irradiation. Two of our five 
patients were 23 and 27 years of age when they were treated 
with high-dose radiotherapy for their Hodgkin's disease. 
They developed papillary carcinoma of the thyroid gland 
eight and 16 years following radiation exposure. This is 
consistent with other reports substantiating that the adult 
thyroid gland is also susceptible to the development of 
malignant disease after exposure to ionizing radiation.‘ 

In the five patients whose cases are reported in the 
present series, thyroid neoplasia was discovered 8,9; 11, 14, 
and 16 years, respectively, after exposure to radiation 
therapy for Hodgkin’s lymphoma. The average latency 
period, defined as the time between administration of 
radiation therapy and the detection of thyroid neoplasia, 
was 1l years. This latency period is relatively short com- 
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Profile of Five Patients With Thyroid Neoplasia Following Radiation Therapy for Hodgkin's Disease 
y 


Yes 
. Yes 


(at Radiotherapy) rad (Gy) Hypothyroidism (Latency Period, y) Thyroid Abnormality 
3/16 
4/23 >4000 (>40) No 39 (16) Papillary carcinoma 





Age at Operation, y 










27 (11) Follicular adenoma 





pared with latency periods between eight and 40 years 
reported in patients developing thyroid carcinoma after 
exposure to low-dose radiotherapy in infancy, childhood, 
and adolescence." This short latency period may be due to 
the fact that these few cases are the forerunners of a larger 
developing population, with a longer average latency pe- 
riod, akin to the acne vulgaris radiation-associated thyroid 
neoplasms.” Because, with current treatment modalities, 
the typically young patients who develop Hodgkin’s lym- 
phoma may survive long enough to be in a high-risk 
category for the development of thyroid neoplasia, protec- 
tive measures, such as thyrotropin (thyroid-stimulating 
hormone [TSH]) suppression, should be considered. 

Masked hypothyroidism, manifested by an elevated TSH 
level alone, or overt hypothyroidism, manifested by an 
elevated TSH level with an abnormally low thyroxine level, 
is a common complication in patients with Hodgkin’s lym- 
phoma treated with high-dose radiation therapy. In one 
representative analysis of patients with Hodgkin’s lym- 
phoma treated with mantle irradiation at the Baltimore 
Cancer Research Program, thyroid dysfunction was re- 
ported in 112 (66%) of 169 patients." Thyroid dysfunction 
characteristically developed slowly. Most patients, how- 
ever, showed the dysfunction at a maximum of six years 
following radiation treatment. Clinically overt hypothy- 
roidism was rare. The fact that the hypothyroidism may be 
“masked” or subclinical accounts for its lack of appreciation. 
The significance of postradiation hypothyroidism, masked 
or overt, is that prolonged TSH stimulation of radiation- 
damaged thyroid tissue predisposes to thyroid neoplasia. 
This phenomenon has been reproduced repeatedly in animal 
models.” 

Total thyroidectomy was performed in all five patients in 
the present series because of the risk of carcinoma and the 
high incidence of multicentricity and bilaterality that has 
been documented in patients with radiation-associated thy- 
roid neoplasia.” 

In conclusion, because of the high incidence of thyroid 
dysfunction in patients exposed to radiation therapy for 
Hodgkin’s lymphoma and the potential for the development 
of thyroid neoplasia, we recommend that these patients be 
started on a regimen of TSH-suppressive doses of thyroid 
hormone prior to radiotherapy and be maintained on a 
regimen of long-term TSH suppression. Despite adequate 
TSH suppression, however, some of these patients are 
expected to develop thyroid neoplasia. Therefore, this 
population should be screened periodically for thyroid 
nodules. 
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Discussion 


WILLIAM W. TuRNER, JR, MD, Dallas: We concur with the use 
of total or near-total thyroidectomy in these patients with radia- 
tion injury to the thyroid. The authors mentioned that parathyroid 
autotransplantation was performed in all of these patients. Most of 
our total or near-total thyroidectomies have not required para- 
thyroid autotransplantation. Is that a part of their protocol? 

R. DALE Ligecuty, MD, Denver: We have noticed that in 
Colorado, people living in the mountains tend to have a higher 
incidence of cancer in solitary thyroid nodules, possibly because 
the ambient radiation at 10 000 ft (£3000 m) is about six times that 
at sea level, and at 5000 ft (approximately 1500 m) about twice that 
at sea level. 

Dr PaLoyan: In reply to Dr Turner’s question, it so happens that 
most of our patients who undergo total thyroidectomy require at 
least one or two parathyroids to be autotransplanted; some require 
four parathyroids. 

Speaking for myself, I have not learned how to do a total 
thyroidectomy and still be certain about the blood supply of all four 
parathyroids, if they are left in situ. 

Dr Liecuty: When you do a transplantation, do you put the 
parathyroid remnants in muscle or in the subcutaneous tissue? 

Dr PaLoyAn: As you know, Dr Carl Feind implants the para- 
thyroids in subcutaneous fat with success. However, we implant 
them in the sternocleidomastoid muscle. Incidentally, we have had 
the opportunity twice to retrieve parathyroids autotransplanted in 
the sternocleidomastoid musele. It is fascinating that the implant, 
at the time of reexploration, looked like a small parathyroid 
adenoma with a single vascular pedicle. 

The thallium scan demonstrated clearly both of those implants, 


which were less than 100 mg each. In summary, we prefer to 
preserve some parathyroid in situ with the original blood supply if 
at all possible, and we also like to autotransplant one or two 
parathyroids in muscle tissue to ascertain normal parathyroid 
function on a long-term basis. 

There is a question that arises about patients who have been 
exposed to high-dose radiation in the range of 2000 to 5000 rad (20 
to 50 Gy), as to whether those parathyroids have been severely 
damaged and if autotransplanted, whether they will regain a 
normal blood supply and function. 

Some years ago, Dr Lushbaugh, in New York, did some studies 
on the radiation effects on the thyroids and the parathyroids in 
animals and found that the parathyroids could be subjected to 
doses of 15000 to 20000 rad (150 to 200 Gy) and still continue to 
function. However, this may not apply to autotransplanted para- 
thyroids in patients. 

In reply to Dr Liechty’s question about the Colorado mountains, 
there is no question that patients living at high altitudes are 
exposed to higher doses of natural radiation. 

I would like to reemphasize the point that, even in our institu- 
tion, in patients I have referred to our oncologists for the treatment 
of Hodgkin’s disease, TSH suppression was not instituted until I 
suggested it. Therefore, this message has to be transmitted to our 
colleagues. 

Finally, in the report from Baltimore, in more than 150 patients 
treated with radiation for Hodgkin’s disease, 66% were hypothy- 
roid; that speaks for itself. The administration of thyroid hormone 
in reasonable doses is a rather simple measure and requires little 
monitoring and expense. 


In Other AMA Journals 


ARCHIVES OF OTOLARYNGOLOGY-HEAD & NECK SURGERY 
Experimental Assessment of Free Jejunal and Colonic Grafts of the Esophagus 
Roger W. Smith, FRCS; Conall J. Garvey, FRCR; Peter C. A. Taylor, FRCS; David M. Davies, FRCS 


The reconstruction of the cervical esophagus and the hypopharynx by revascularized bowel grafts has 


become a well-recognized treatment option and often is the method of first choice. Problems described by 
several protagonists of the standard revascularized jejunal graft have caused us to hypothesize that the colon 
provides both a suitable alternative and a solution to these problems. Experimental work in dogs demonstrates 
clear functional differences between colon and jejunum as free esophageal grafts. Videofluoroscopie and 
manometric assessment of the two types of graft show that structurally and functionally the colon integrates 
into the new position in the esophagus better than does the jejunum (Arch Otolaryngol Head Neck Surg 
1987;113:187-192). 
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Intraoperative Implantation Radiation 


Therapy Plus Lumpectomy for 


Carcinoma of the Breast 


William R. Jewell, MD; Leela Krishnan, MD; Eshwar K. Reddy, MD; James H. Thomas, MD; Carl M. Mansfield, MD 


è The preponderance of evidence indicates that lumpec- 
tomy plus radiation therapy produces the same survival as 
modified radical mastectomy in patients with early breast 
cancer and further suggests that the local failure rate may be 
lower in the patients who undergo irradiation. In this series, 
patients were treated with immediate implantation of the 
tumor bed with iridium Ir 192. There have been two recurrences 
in the breast from 110 breast cancers (44% had a clinical 
stage greater than T1, and 41% had axillary-node involvement) 
in 107 patients followed up for four to 52 months (25.8 +13.3 
months [mean + SD]). These preliminary data suggest that 
local treatment failure can be minimized by aggressive, imme- 
diate intraoperative implantation of the tumor bed with iridium 
ir 192. 

(Arch Surg 1987;122:687-690) 


wo major randomized prospective trials and numerous 
other single-institution and multi-institution reports 
indicate that partial mastectomy plus radiation therapy is 
as effective as radical mastectomy or modified radical 
mastectomy in the control of breast cancer.’” However, the 
optimal combination of surgery plus radiation therapy 
remains to be clarified. Such issues as the extent of excision 
of the primary tumor, extent of the axillary dissection, and 
the most effective way to deliver radiation therapy are 
unsettled. We report the results of 110 breast cancers in 107 
patients treated with simple tumor excision, immediate 
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implantation with iridium Ir 192, and complete axillary- 
node dissection followed by external-beam radiation ther- 
apy. It appears that this technique may offer several theo- 
retical advantages over other available methods. It is the 
purpose of this communication to describe this technique 
and to report the preliminary results. 


PATIENTS AND METHODS 
Methods 


After six years of preliminary experience with various tech- 
niques of combined surgery and radiation therapy, a controlled 
prospective trial was begun on June 1, 1982. Patients with breast 
cancer proven by needle aspiration or open biopsy specimen were 
offered either a conventional modified radical mastectomy or the 
alternative treatment consisting of simple excision plus radiation 
therapy. Patients with clinical stage greater than T1, NO, MO were 
entered only after refusing mastectomy. Patients who chose the 
alternative method underwent simple excision of the tumor with a 
l- to 2-cm margin. Frozen-section examination was performed to 
verify the diagnosis and to obtain appropriate tissue for estrogen 
and progesterone receptor assay. Margins were monitored for the 
presence of tumor by inking the specimen and making frozen- 
section examinations of the edges. Margins that were essentially 
all adipose tissue and difficult to examine were not monitored. The 
incision chosen was in a radial direction in the lower breast and a 
circumferential direction for lesions above the nipple level. If 
tumor was found at a margin, more tissue was removed. If clear 
margins could not be obtained, a mastectomy was recommended. 
Patients who had the original biopsies done in another institution 
underwent reexcision of the biopsy site using the same guidelines. 
If frozen-section margins were clear, but the final sections revealed 
tumor close to or at the margin, the patient was informed and 
offered a mastectomy. The excision site was then implanted with 
nylon tubing using a two-tiered technique as previously described 
by Mansfield and Jewell. The tubes were then afterloaded with 
iridium Ir 192, which remained in place for 48 to 52 hours to achieve 
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pr 


No. of months since treatment 
Range 


25.7 + 13.3 


Table 2.—T and N Characteristics of 110 Breast 
Carcinomas 


Total 





an isodose to the tumor bed of 2000 rad (20 Gy). An axillary 
dissection was performed by removing the contents of the axilla 
from the axillary vein first rib junction to the latissimus dorsi 
through a low transaxillary incision. The long thoracic, thoracodor- 
sal, and second intercostal brachial nerves and the nerves to the 
pectoralis muscles were preserved whenever possible. The pa- 
tients then received 4500 to 5000'rad (45 to 50 Gy) (linear 
accelerator) of external-beam radiation to the remaining breast. 
Patients with positive axillary nodes received radiation to the 
supraclavicular and internal martimary nodes. In the first 61 
patients treated, the axilla also was directly radiated. Because of 
concern over the incidence of arm edema, the following 49 patients 
did not receive axillary node radiation. Premenopausal patients 
with positive axillary lymph nodes received adjuvant chemother- 
apy selected by entering the patient in one of three Southwest 
Oncology Group protocols. Most patients received a five-drug 
combination of cyclophosphamide, 5-fluorouracil, methotrexate, 
vincristine sulfate, and prednisone for one year. 


Patients 


Since June 1982, 107 consecutive patients with 110 breast cancers 
who selected this form of treatment have been treated in this study 
(Table 1). Table 2 shows the T and N characteristics of patients 
following gross and histopathologic review of the tissue. All 
patients were without evidence of metastatic disease at the time of 
entry into the study. Patients were followed up at three-month 
intervals. All patients had annual chest roentgenograms, mam- 
mograms, and blood profile tests. Patients with positive axillary 
lymph nodes underwent bone and liver radionuclide scans,. Cos- 
mesis of the breast was judged on the basis of skin color, size 
difference, tissue texture, presence or absence of nipple retrac- 
tion, and edema. Biopsy of the treated breast was performed 
whenever physical examination or mammography suggested the 
possibility of recurrent cancer. 


REPORT OF CASES 


CasE 1.—A 30-year-old woman underwent lumpectomy, axillary 
node dissection, and immediate implantation with iridium Ir 192 on 
Aug 24, 1984, for a T2, N1, MO moderately differentiated infiltrat- 
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ing ductal carcinoma with ductal carcinoma in situ. Frozen-section 
examination revealed clear margins. However, final sections three 
days later showed involvement of one margin. Postoperatively, the 
patient received external beam radiation therapy consisting of 
4500 rad (45 Gy) to the breast, 4588 rad (46 Gy) to internal 
mammary nodes, and 4460 rad (45 Gy) to the supraclavicular node 
area. Adjuvant chemotherapy with cyclophosphamide, fluo- 
rouracil, methotrexate, vincristine sulfate, and prednisone was 
given for one year. On Oct 15, 1986, the patient underwent a right 
mastectomy after a biopsy specimen of an area that looked 
suspicious on mammography revealed intraductal carcinoma with 
a minimally invasive component. Histopathologic examination of 
the breast revealed invasive and in situ intraductal carcinoma close 
to the previous biopsy site. All margins were free of tumor. The 
patient remained free of disease at the time this report was 
written. 

CasE 2.—A 52- Waro woman E TARET lumpectomy, axil- 
lary node dissection, and implantation of the tumor bed with 
iridium Ir 192 for moderately differentiated infiltrating ductal 
carcinoma at pathologic stage T1, N1, MX on April 18, 1983. The 
tumor was located in the upper outer quadrant of the breast. 
Postoperatively, the tumor bed received 2000 rad (20 Gy) of iridium 
Ir 192, and the entire breast was treated with 4500 rad (45 Gy). The 
supraclavicular nodes received 4600 rad (46 Gy), and the internal 
mammary nodes received 4700 rad (47 Gy) by external beam (linear 
accelerator) treatment. The patient was estrogen-receptor 
positive and therefore received tamoxifen citrate, 20 mg/d, for one 
year. On Sept 8, 1984, a new mass developed in the inner middle 
breast approximately 7 cm from the original primary tumor. A 
biopsy specimen revealed infiltrating poorly differentiated ade- 
nocarcinoma. After refusing mastectomy, the patient underwent 
iridium Ir 192 implantation and received 3010 rad (30 Gy) to the 
tumor bed. On July 3, 1985, the medial breast scar was excised and 
revised at the patient’s request. Histopathologic review of this 
tissue revealed fibrosis with “bizarre” fibroblasts consistent with 
radiation change. The patient was free of disease when last seen on 
Sept 30, 1986. 


RESULTS 


The 107 patients have been followed up from four to 52 
months (mean + SD, 25.7+13.3 months). At the time this 
report was written, there had been only one patient in 
whom a local recurrence developed within 2 em of the initial 
tumor. In another patient, what appeared to be a second 
primary tumor developed in the same breast approximately 
7 cm from the original tumor site. 

Disseminated disease with metastasis to various organs, 
including lung, bone, liver, brain, stomach, and pleura, 
developed in six patients. The original stages and sites of 
metastases are given in Table 3. The cosmetic results are 
shown in Table 4. The rate of arm edema that developed 
after treatment is given in Table 5. It appears that radiation 
therapy following axillary dissection does produce more 
arm edema than occurs in patients not undergoing radiation 
therapy following the axillary dissection. Two patients with 
Paget’s disease were treated by the alternative method. 
Both patients remained free of disease at the time this 
report was written. 

Although 19 patients were found to have margins involved 
or close to being involved on tissue examination, none chose 
to have a mastectomy performed. Recurrent carcinoma 
within 2 cm of the original tumor had developed in only one 
of these patients. 
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Table 3.—Data for Patients With Disseminated Disease 
and Metastasis to Various Organs 

















Patient Age, Cancer Time After 
No. y Stage Site Treatment, mo 


4 36 T1, N1, MO Liver, bone 


26 
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3 52 T3, NO, MX Lung 
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6 44 T2,N1, MX Brain 
7 62 T1, N2, MX Liver 
8 58 T1, N1, MO Liver, bone, pleura 


Table 4.—Cosmetic Results 
Cosmetic Result, No. of Patients 
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T Excellent Very Good Good Fair Poor Unknown 


Table 5.—Incidence of Arm Edema in Patients 
Who Had Axillary Node Dissection | 





Axilla Radiated, Axilla Not Radiated, 
Arm Edema No. (%) of Patients* No. (%) of Patientst 
None 48 (79) 47 (96) 
Seve 0 (0) 0 (0) 
Unknown 3 (5) 0 (0) 
Total known 10 (16) 2 (4) 
*n=61. 
tn=49. 


COMMENT 


It is our belief that immediate brachytherapy with irid- 
ium Ir 192 offers several advantages over delayed implanta- 
tion or delayed boost with externally emitted electrons. 
With this method, the surgeon can directly indicate the 
loeation of the primary tumor to the radiation oncologist 
and assist with the implantation. Another important advan- 
tage is that tumor cells not removed from the tumor bed 
may become partially devascularized and, therefore, more 
resistant to delayed radiation treatment. A’ third, not- 
often-mentioned advantage is that the nylon tubing tiers 
produce an excellent closure of the surgical defect. 

It is known that local residual tumor cells directly extend- 
ing from the primary tumor and other completely separate 
foci of tumor cells can be responsible for the recurrence of 
cancer in a patient following this form of treatment. It 
appears that our results indicate that both mechanisms can 
be operative. It is often argued which of the two is responsi- 
ble for the most local recurrence. In a careful review of 657 
mastectomy specimens, Gump et al’ revealed that 90% of 
multicentric foci of tumor were in close proximity to the 
primary tumor. They also found that multicentricity was 
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much more common in patients with intraductal carcinoma 
than in the more common ductal invasive type. This obser- 
vation suggests that aggressive treatment of the tumor bed 
and immediate surrounding area, as described in this 
report, could reduce the incidence of local recurrence. Our 
treatment plan tests this concept, and long-term follow-up 
of our patients should provide an important answer to the 
question of whether or not aggressive brachytherapy can 
prevent local recurrence. It is of interest that there have 
been only two recurrences when the advanced stage of 
many of the patients is considered, ie, 44% of the patients 
had primary lesions greater than 2 cm, and 41% had positive 
axillary lymph nodes. Ina similar group of 150 patients (47% 
with a stage beyond T1, NO, M0), Bluming et al‘ noted a 12% 
rate of local recurrence that developed 12 to 66 months 
(mean, 37 months) after lumpectomy plus radiation ther- 
apy. Their radiation therapy included an iridium Ir 192 
implant at the end of external beam therapy. 

The problem of what should be done when final histo- 
pathologic examination of the tumor-excision specimen 
reveals positive margins is unresolved. Other data suggest 
that radiation will extirpate any remaining disease.” Im- 
mediate implantation should be of benefit in this circum- 
stance. However, our one case in which the technique failed 
to control tumor in the immediate proximity of the excision 
site was ‘in one of our 19 patients with microscopic disease at 
the margin. A 

Data in this report further substantiate earlier work that 
indicated that the axilla should not be radiated following an 
axillary dissection. Recurrenceʻof tumor in the axilla has 
not been observed in any of our patients whether or not they 
received postoperative radiation to the axilla. 

It appears clear at this point that lumpectomy plus 
radiation therapy produces a survival rate identical to that 
of modified radical mastectomy. Furthermore, it is likely 
that the local recurrence rate may be significantly lower in 
patients receiving radiation therapy. This study suggests 
that early, aggressive brachytherapy of the tumor bed may 
reduce the local failure rate’ below rates previously re- 
ported. 
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Discussion 


MarvIN M. Romspau_, MD, Houston: I believe it is generally 
accepted that the survival of patients who undergo this lesser 
surgical procedure combined with radiotherapy is essentially the 
same as the survival of those who undergo traditional treatment. 
What remains to be determined is whether the rate of local or 
regional recurrence is acceptable. As we discussed earlier in this 
meeting concerning patients with pancreatic disease, it is the 
surgeon’s responsibility to ensure that local treatment, whether 
for benign or malignant disease, is successful. If events occur that 
are remote from the primary area treated by the surgeon and 
radiotherapist, these must be addressed by systemic measures. 

Basically, I would like to limit my comments to the topic of local 
recurrence. We have found, as have Dr Jewell and colleagues, that 
the rate of local or regional recurrence, defined as recurrence in the 
breast itself or the lymphatic regions about the breast, is accepta- 
ble. We now have 180 patients who have been treated who had 
clinical stage II cancer, and our local recurrence rate is not a great 
deal different than it is with stage I cancers. Consequently, I 
believe there are certain stage II patients who can be considered 
candidates for this procedure. Our overall local recurrence rate 
now is 6.7%. 

Our follow-up time runs approximately ten years. All of the 
patients have not been followed up that long; however, our mini- 
mum follow-up period is three years in this group of patients. 

When the follow-up reaches 120 months, we find that the 
percentage of local control begins to favor those patients who hada 
somewhat larger surgical procedure. In this respect, we analyzed 
our data by dividing patients into two groups. Those patients who 
had what we call an excisional biopsy, which is a limited procedure 
much like Dr Jewell and colleagues perform, were analyzed 
separately. When you do this limited excision or when you do a 
smaller surgical procedure, the benefit is that the patient will have 
a much better cosmetic result when her treatment is completed. 
However, our local recurrence rate in this group of patients, either 
with or without an axillary dissection, was 19.3%. 

In our study, some patients who had segmental (wider) resec- 
tions did not have axillary dissection because axillary dissection 
was not a routine procedure when this conservative treatment 
approach was initiated. 

When we analyzed the segmental mastectomy group as a subset, 
we found that our local recurrence rate was only 2.2%. Combining 
both groups yields our overall recurrence rate of 6.7%. I wish to 
emphasize that these data support the fact that the extent of the 
surgical procedure does make a difference in reference to local and 
regional recurrence. 

The use of radiotherapy in our institution is slightly different 
than what Dr Jewell and coworkers report in that we use external 
beam radiation almost exclusively. Generally, we have taken a 
somewhat conservative posture in regard to the use of limited 
surgery and radiotherapy for this group of patients. In this regard, 
we like to see only a single focus of disease. We may accept patients 
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with multifoci within a radius of 4 cm for this management. We do 
not accept patients with grave prognostic signs. We prefer to treat 
T1 lesions, but we will treat T2 lesions if they are less than 4 em in 
diameter. 

Basically, we prefer to offer this alternative to patients with 
clinically negative axillae; however, we accept the patient who has a 
single clinically positive lymph node since most of our stage II 
patients appear to be doing as well as those with traditional 
treatment. 

We believe, as do Dr Jewell and colleagues, that this alternative 
to radical mastectomy is appropriate for certain selected patients 
but is not the optimal treatment for each individual with carcinoma 
of the breast. 

Louis D. RopGcEers, MD, Des Moines: If you have 2-cm lesions 
and you get 2-cm margins around them, you have a defect that you 
cannot often close with a cosmetically good result. Why do you feel 
compelled to take a 2-cm margin? 

Patients with very large breasts are not good candidates for 
external beam radiation. We have our radiation oncologists see 
these patients first and either approve or disapprove based on 
whether or not they think they can effectively radiate these 
women. Do you have your patients see the radiation oncologist 
before surgery? 

Dr JEWELL: My concern is for patients who have intraductal 
carcinoma. I think that if I can predict anything from our data, the 
patients we are going to have trouble with are those that have 
intraductal carcinoma, because of the diffuseness of the disease. 

I believe that without enlarging our margins, we can successfully 
control the disease in the tumor bed with aggressive radiation 
therapy, but only time will tell how effective we are going to be at 
doing that. Dr Romsdahl’s series, of course, is much more mature 
than ours, and, therefore, I think his data must be very carefully 
looked at. 

Dr Rodgers, the 2-cm margin is what we believe to be necessary 
at surgery, and it is somewhat arbitrary. We do not measure 2 cm. 
We are just trying to get around the tumor. 

Our experience with margins has been that our frozen sections 
have not been very reliable in telling us whether or not there is 
tumor present at the margins. In 19 of 110 cases, we found that the 
margins were in fact involved on the final sections. 

All of these women were informed of that fact, and none of them 
opted to have a mastectomy. We have had one recurrence. 

As far as breast size is concerned, both of our failures have been 
in patients with small breasts. I am not certain what that means, 
but I think it is of interest. 

We do have all our patients see the radiation oncologist first. 
After their discussion with the radiation oncologist, about one 
third of the patients refuse to have this treatment and decide to 
have a mastectomy. Overall, about half of our patients opt for a 
mastectomy. 


Carcinoma of the Breast—Jewell et al 





Management of Perforated Appendicitis in 


Children— Revisited 


Scott L. Samelson, MD, Hernan M. Reyes, MD 


e Of 522 children with acute appendicitis treated from 1978 
to 1985, 170 had appendiceal perforation with peritonitis. The 
protocol for perforation included aggressive fluid resuscita- 
tion, preoperative triple antibiotic therapy, copious peritoneal 
lavage, avoidance of transperitoneal drains except those used 
for well-localized abscesses, delayed wound closure, and 
postoperative antibiotic therapy for seven to ten days. The 
minor complication rate was 22%; this included pleural effu- 
sion, wound infection, atelectasis, and prolonged ileus. The 
major complication rate was 3%; this included intra-abdominal 
abscess, gastrointestinal bleeding, wound dehiscence, pneu- 
monia, and intestinal obstruction. Only four postoperative 
intra-abdominal abscesses occurred, in three patients. The 
mortality rate was zero. A comparison of this series with a 
similar group of 24 patients who underwent drainage showed 
the relative rate of abdominal abscess formation to be 1.8% 
(undrained) vs 12.5% (drained). We achieved our lowest rate of 
serious complications following surgery for pediatric perfo- 
rated appendix with the use of aggressive fluid resuscitation, 
broad-spectrum antibiotic therapy, copious peritoneal irriga- 
tion, and delayed wound closure and without drainage. 

(Arch Surg 1987;122:691-696) 


yore a century of experience with the surgical treat- 
ment of acute appendicitis, controversy still exists 
over certain aspects of its management. Irrigation of the 
peritoneal cavity, drainage of the peritoneal cavity, and 
closure of the wound are three major areas of continuing 
disagreement in the therapy for perforated pediatric appen- 
dicitis. These technical factors do not affect the outcome as 
profoundly as do advances in antibiotic therapy, fluid re- 
suscitation, and anesthesia, but defining their roles should 
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allow surgeons to maximize good results. Following an 
earlier retrospective review,’ we undertook a protocol to 
investigate the incidence of various complications when our 
optimum treatment plan was followed. 


PATIENTS AND METHODS 
Patient Population 


In treating 522 children with acute appendicitis admitted to 
Cook County Hospital, Chicago, from 1978 through 1985, a uniform 
protocol was applied to 170 (32.5%) who had free appendiceal 
perforation with generalized or localized peritonitis. The sex 
distribution was 44% girls and 56% boys with a mean age of 9.1 
years (range, 1.3 to 14.7 years). Patients with localized abscess 
were excluded from this review, which analyzed 70 variables from 
the history, physical examination, laboratory results, operative 
findings, and hospital course. For evaluation purposes, these data 
were compared with those of two additional groups: (1) 40 children 
with nonperforated acute (simple and suppurative) appendicitis 
and (2) 24 children with freely perforated appendicitis whose 
treatment included the placement of peritoneal drains. The analy- 
sis was performed with the x? statistic. 


Clinical Data 


The diagnosis of appendicitis was based on a history of abdominal 
pain and persistent right lower quadrant tenderness. Concerning 
the protocol patients with perforation, the duration of symptoms 
prior to admission averaged 3.1 days (range, one to six days). It is of 
interest to note that 26% of the patients had been seen by a health 
professional prior to hospitalization, and appropriate, timely inter- 
vention had not been initiated. At hospitalization, approximately 
three fourths of the children who were able to give a history 
described periumbilical pain migrating to the right lower quad- 
rant. A history of fever or diarrhea could be elicited in 60% and 25% 
of the patients, respectively. The maximum preoperative tempera- 
ture and pulse rate averaged 39°C (102.2°F) and 116 beats per 
minute, respectively. Physical examination revealed abdominal 
distension in 50%, but 90% of the patients had decreased or absent 
bowel sounds. Psoas, Rovsing’s, and obturator signs were noted in 
30%, 25%, and 15% of the patients, respectively. The mean 
preoperative white blood cell (WBC) count was 16.1X10°/mm? 
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Table 1.—Clinical Data* 





Patients With Patients With 






Perforated Nonperforated 
Appendicitis, Appendicitis, 
Item No. (%)t No. (%)+ 














Duration of symptoms>2 d 

History of diarrhea 

Preoperative temperature>38.6°C 
Decreased or absent bowel sounds 
Rovsings sign 

Rebound tenderness beyond RLQ 


WBC count> 14 x 103/mm?3 
(>14 x 109/L) 


Urine specific gravity>1.025 
Acetone in urine 


128/170 (75) 13/40 (33) 
41/165 (25) 4/39 (10) 
118/170 (69) 17/40 (43) 
151/170 (89) 16/40 (40) 
31/125 (25) 3/34 (9) 
102/164 (62) 2/36 (6) 

















108/168 (64) 
122/168 (73) 18/39 (46) 
107/167 (64) 17/39 (44) 

*All these items were significant (P<.05). The following were suggestive 
but not significant: history of fever, abdominal distension, and serum 
bicarbonate level less than 22 mEq/L (22 mol/L). RLQ indicates right lower 
quadrant, and WBC, white blood cell. 

tn=170. 

tn=40. 


(16.1 x 10°/L) (range, 3.9 x 10°/mm° to 30.7 x 10?/mm? [3.9 x 10°/L to 
30.7 x 10°/L]); urine specific gravity, 1.028 (range, 1.012 to 1.038); 
and serum bicarbonate level, 21.1 mEq/L (21.1 mmol/L) (range, 14 
to 29 mEq/L [14 to 29 mmol/L]). Acetone was present in the urine of 
65% of the children. A summary is shown in Table 1. 


11/40 (28) 









Preoperative Management 


All children underwent preoperative resuscitation with in- 
travenous fluids to establish a urine output of 0.5 to 1.0 mL/kg/h, to 
reduce the urine specific gravity to less than 1.010, and to return 
the heart rate to normal levels. Antipyretic agents and a cooling 
mattress were used to lower body temperature to less than 38.6°C 
(101.5°F). Nasogastric suction was instituted to reduce abdominal 
distension. When perforation was suspected on clinical criteria, a 
triple antibiotic regimen consisting of penicillin G sodium or 
ampicillin sodium, gentamicin sulfate, and clindamycin phosphate 
was administered. The time from admission to surgery (resuscita- 
tion period) averaged 5.4 hours. Preoperative management is 
summarized in Table 2. 


Operative Technique 


An oblique or transverse muscle-splitting incision in the right 
lower quadrant was used. The appendix was removed in all cases, 
with the stump inverted in 84% of patients and simply ligated in 
12% (4% unknown). Ligation was performed if the tissues were not 
suitable for inversion. Copious irrigation of the peritoneal cavity 
with saline solution to achieve clear effluent was performed, with 
aspiration of as much of the irrigant as possible. Generally, more 
than 5 L was used. If loose inflammatory fibrin debris was present, 
it was removed by gentle débridement. Perforation was diagnosed 
only if it was grossly visible at operation or if a macroscopic 
perforation was noted on the pathologic findings report. A fecalith 
was identified in 62% of the patients at surgery. Intraoperative 
aerobic and anaerobic cultures were taken. Marked bowel disten- 
sion was handled by manually decompressing contained gas and 
fluid to the nasogastric tube. All wounds were packed with the 
subcutaneous tissue open for delayed primary closure and were 
copiously irrigated at the end of the procedure. Operative manage- 
ment is summarized in Table 2. 
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Table 2.—Protocol for Management of 
Perforated Appendicitis With Peritonitis 


Aggressive fluid resuscitation 
‘Urine output, 0.5-1.0 mL/kg/h 
Urine specific gravity<1.010 
Control of hyperthermia 
Nasogastric suction 
Triple antibiotic therapy 
Copious peritoneal lavage (>5 L) 
No peritoneal drains 
Débridement of fibrin debris 
Manual decompression for marked bowel distension 
Delayed primary wound closure 
Wound irrigation 


"4 





RESULTS 
Hospital Course 


The mean duration of hospitalization was 11.8 days 
(range, seven to 30 days). Patients remained febrile (any 
recorded temperature over 37.8°C [100°F]) for an average of 
six days. Wheñ used, nasogastric suction continued for a 
mèan of two days, and patients were taking a general diet 
well by a mean of 5.6 days. Cultures yielded an average of 
3.4 bacterial species per patient. Escherichia coli, Bac- 
teroides species, and enterococci were the most frequent 
isolates. Dressing changes were performed three times 
daily while the incisions remained open. Two thirds of the 
wounds were closed with sterile tape by day 4 or 5, and 80% 
by one week. Peripheral or central hyperalimentation was 
used postoperatively in 16% of patients for delayed bowel 
function. Postoperative imaging studies (ultrasound or 
computed tomographic scan) were performed in 21% of the 
patients because of suspicion of peritoneal abscess. This 
complication was confirmed four times in three patients 
(1.8% of the entire series and 8% of those imaged). Anti- 
biotic therapy continued for seven to ten days, modified as 
required by culture results and the clinical course. The 
mean duration of antibiotic administration was 8.9 days. 
Children were considered for discharge when they met the 
following conditions: (1) they had been afebrile without 
receiving antibiotic therapy for 24 to 48 hours, (2) they were 
taking a general diet well with normal bowel function, (3) 
they had normal results of a rectal examination, and (4) 
their incisions were closed. The mean number of hospital 
days was 11.8, and the mean day of discharge was 
postoperative day 11. 
Complications 
Of 170 children with perforated appendicitis resulting in 
generalized or localized peritonitis, there were no mor- 
talities. A total of 51 minor complications occurred in 38 
patients for a rate of 22%. These complications included the 
following: pleural effusion (four), excessive wound drainage 
(three) or true infection (four); atelectasis (18); and ileus 
longer than seven days (21). A wound problem was noted 
when a taped wound had excessive drainage and was 
reopened to the level of the fascia, but a true wound 
infection was counted only when the incision drained pus 
and erythema was present or when tissue necrosis was seen 
on reopening. All wounds were successfully taped closed 
within an additional five to eight days. Nine serious compli- 
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Table 3.—Complications _ 





No. of 
Complications 


No. (%) of 
Complication Patients* 
Minor 
4 (2) 


3 (2) 


Pleural effusion 
‘Excessive wound drainage 


| 





True wound infection 4 4 (2) 
lleus>7 d 21 21 (12) 
Major 
Abscess 4 3 (2) 


Upper-gastrointestinal-tract bleeding 1 (1) 


Dehiscence 1 1 (1) 
Pneumonia 2 2 (1) 
Obstruction 1 1 (1) 
Total 9 5 (3) 


. *Numbers of patients and percentages of patients do not add to totals 
because some patients had more than one type of complication. 


cations occurred in five patients for a rate of 3%. These 
included intra-abdominal abscess (four in three patients), 
upper-gastrointestinal-tract bleeding (one), dehiscence 
(one), pneumonia (two), and bowel obstruction (one). Com- 
plications are summarized in Table 3. Comparing the 170 
protocol patients (undrained) with the separate group of 24 
patients with drains, all of whom were suffering from free 
appendiceal perforation with peritonitis, the relative rate of 
abdominal abscess formation was 1:8% (3/170) vs 12.5% 
(3/24). 


COMMENT 


Nearly a century has passed since the clinical course of 
acute appendicitis was accurately described and the first 
appendectomies were performed. That inflammation of 
such a small and anatomically simple organ frequently 
resulted in a fatal outcome provided the era of modern 
surgery with one of its easiest and most satisfying early 
victories. Increased professional and public awareness, the 
development of antibiotic therapy, and advances in anesthe- 
sia and fluid resuscitation have produced additional reduc- 
tions in the morbidity and mortality of appendicitis. At 
present, appendicitis stands as the most common cause for 
abdominal surgery in the pediatric age group. 

Though much is known about appendicitis, certain unre- 
solved issues remain, especially when caring for the rup- 
tured appendix, which occurs in 30% to 45% of cases of 
pediatric appendicitis.** The mortality rate from perforated 
appendicitis improved from near certain death a century 
ago to 10% to 20% 50 years ago, 5% during the 1960s, and 1% 
or less in the 1970s.° This is in spite of considerable 
variations in the details of treatment provided at experi- 
enced pediatric surgical centers. Morbidity, however, re- 
mains significant, with rates of wound infection and intra- 
abdominal abscess at least five times higher than with 
nonperforated appendicitis. The controversy centers on 
three major areas: (1) Should the incision be closed pri- 
marily or handled with delayed closure? (2) Should perito- 
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Table 4.—Wound Infection Rates by Method of Closure 


Patients With 
Patients With Delayed Closure 
Primary Closure With Wound 
With Wound Infection, 
Infection, No. (%) No. (%) 


14/41 (34) 1/44 (2.3) 
76/170 (44.7) 1/147 (0.7) 
43/135 (32) 31/438 (7) 

7/52 (13.5) 1/45 (2.2) 
7/77 (9)* 0/12 (0) 
2/143 (1.4)t 

15/65 (23)t 


Grosfeld and Solit,? 1968 

Stone et al,” 1971 

Janik and Firor,' 1979 

Bower et al,'° 1981 

Marchildon and Dudgeon,'' 1977 


*Ninety-two percent of these patients had abdominal drains brought 
through their incisions, and 21% had their wounds irrigated with saline 
solution. 

tAll these patients had abdominal drains brought through their incisions 
and had antibiotic irrigation. 

Ampicillin was sprinkled into the incisions at closure. 

§All these patients underwent irrigation with saline solution. 


Table 5.—Abdominal Abscess Rates by Peritoneal Drainage 


Patients With 
Drains With 
Abdominal 


Patients Without 
Drains With 
Abdominal 

Abscess, 


Abscess, 
No. (%) No. (%) 


Holgersen and Stanley- 
Brown,® 1971 


Haller et al,'* 1973 


Marchildon and 
Dudgeon,'' 1977 


Greenall et al,'® 1978 
Stone et al,'® 1978 22/49 (45) 
Janik and Firor,' 1979 112/525 (21.3) 
Bower et al,'° 1981 ey 
Schwartz et al,'* 1983 0/143 (0)t ia 
Raahave et al,2’ 1986 PF 2/65 (3.1) 
Present study 3/24 (12.5)t 3/170 (1.8)t 


*Twenty-one percent of these patients were irrigated with saline solution. 

tAll these patients were irrigated with saline solution. 

Four pelvic phlegmons responded to antibiotic therapy, and all were 
irrigated with antibiotic solution. 


18/83 (21.6) 
3/24 (12.5) 


1/17 (5.9) 
3/19 (15.8) 


3/89 (3.6)* 
7/48 (14.6) 11/55 (21.8) 


6/45 (13) 
7/48 (14.6) 
1/97 (1)t 


neal drains be used with free perforation and peritonitis? (3) 
Should the abdomen be irrigated, and if so, with an anti- 
biotic solution or saline solution? 

To begin with, the best treatment for appendiceal per- 
foration remains prevention. Marcuse et al’ pointed out that 
professional delay of greater than 36 hours, even in recent 
times, almost doubled the incidence of perforation in their 
series to 65%. Of our series of patients with rupture, 26% 
had sought advice from some type of health professional 
prior to hospitalization, and timely surgical consultation 
had not been initiated. The most frequent misdiagnosis was 
gastroenteritis. It should be stressed that a history of 
abdominal pain longer than three days and/or the presence 
of diarrhea does not make appendicitis unlikely. Indeed, 
what is likely is that perforation has oceurred. In our series 
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of patients with perforation, the mean duration of symp- 
toms prior to admission was 3.1 days, and the incidence of 
diarrhea was 25%. 

When should one suspect perforation? As above, the 
historical items of symptom duration longer than two days 
and complaints of diarrhea in a child with abdominal pain 
were significant (Table 1). Additionally, temperature 
greater than 38.6°C (101.5°F), decreased or absent bowel 
sounds, rebound tenderness beyond the right lower quad- 
rant, and a positive Rovsing’s sign distinguished ruptured 
appendicitis. Lastly, the following laboratory results 
were suggestive: a WBC count greater than 14 x 10°/mm* 
(14x 10°/L), a urine specifie gravity greater than 1.025, a 
serum bicarbonate level less than 22 mEq/L (22 mmol/L), 
and the presence of acetone in the urine. Many of these 
items have been previously identified and simply reflect the 
known pathophysiologic findings of the disease.”* Obstruc- 
tion of the appendix with continued secretion of mucus 
inexorably leads to vascular compromise and perforation. 
Bacterial inflammation elevates the temperature and WBC 
count while also disturbing bowel function, so that dehydra- 
tion and fasting result. 

Once perforation has occurred or is suspected, adequate 
fluid resuscitation, control of fever, and preoperative anti- 
biotic therapy are of paramount importance. One area of 
controversy is the contaminated incision and the potential 
for wound infection (Table 4). How should the incision be 
closed? With perforation, Grosfeld and Solit® reported that 
primary closure resulted in a wound infection rate of 34% vs 
only 2.3% for delayed closure. Similarly, Janik and Firor’s’ 
results were 32% vs 7%, and most recently, Bower et al” 
reported rates of 13.5% vs 2.2%. In the present series, we 
report a 2.4% incidence of true wound infection and 4.7% 
with excessive drainage using delayed primary closure. 
Under the circumstances of delayed closure, reopening the 
incision was usually a minor nuisance compared with most 
cases of wound infection with primary closure. In the latter, 
more of the skin is usually healed, much erythema and pain 
develop, more tissue necrosis occurs, and the appearance of 
adequate granulation tissue takes longer. Some centers still 
use primary closure with or without drains through the 
wound and report low rates of infection with wound drain- 
age.”” We find an open wound facilitates inspection, 
cleansing, and drainage most satisfactorily and provides a 
good cosmetic end result. For the low rate of wound 
infection and ease of care, we recommend delayed primary 
closure of the incision. 

Should peritoneal drains be used in pediatric patients 
with free perforation and peritonitis? Some physicians use 
drainage in the belief that free peritonitis is less likely to be 
completely localized in children, and especially infants, 
with their smaller omentum and larger appendix. Puri and 
O’Donnell,* however, showed a well-developed ability to 
localize an inflammatory process even in children under 2 
years of age. Of the many reports examining the value of 
transperitoneal drainage in terms of abdominal abscess 
formation, Marchildon and Dudgeon” found benefit, Haller 
et al“ found none, Greenall et al found none, and deleteri- 
ous effect was noted by Holgersen and Stanley-Brown,*® 
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Stone et al,” Janik and Firor,’ and in our present series. 
Though occasional respected centers still place peritoneal 
drains with good results, the bulk of evidence is against 
their use (Table 5). 

On an experimental basis, many surgeons have long 
argued against attempting to drain a poorly localized peri- 
toneal process. Yates” showed that prophylactic intra- 
abdominal drains are rapidly walled off by fibrin and do not 
succeed in draining the abdominal cavity for more than a 
few hours. More recently, Simmons” demonstrated that 
fluid within the peritoneal cavity has an established circula- 
tion and that bacterial contamination in the right lower 
quadrant reaches the subdiaphragmatic space in minutes. 
For these physiologic reasons, peritoneal drainage is un- 
likely to succeed in reducing abdominal abscess formation 
with free perforation. Irrigation to reduce the degree of 
contamination to within the host defense capabilities of- 
fered theoretical improvement, although fear of dissem- 
inating the microbial inoculum also generated controversy 
over this technique. 

Peritoneal irrigation was used by Marchildon and Dud- 
geon” as well as Schwartz et al,” in addition to peritoneal 
drains. This may have played the more important role in 
their excellent results, with respective abdominal abscess 
rates of 3.6% and none. Schwartz et al used antibiotic 
irrigation, but the double-blind study by Sherman et al” 
revealed no difference in complication rates between irri- 
gating with normal saline or antibiotic solution for wound 
infection, intra-abdominal abscess, or pelvic phlegmon. 
Our patients with perforated appendicitis were copiously 
irrigated with normal saline solution only, and our rate of 
abscess formation was 1.8%. We believe antibiotic therapy 
must achieve tissue levels to be effective and that the 
important factor with irrigation is to dilute the bacterial 
contamination to within host defense capabilities. Remov- 
ing the fibrin debris that has trapped and sequestered the 
bacterial inoculum is an additional technique with the same 
purpose, as Skau et al? have demonstrated that such 
intraperitoneal debris inhibits bacterial clearance. 

This principle also applies to wound care. Raahave et al” 
studied 65 cases of perforated appendicitis and found that 
patients with wound sepsis had significantly higher densi- 
ties of bacteria at all sampling sites (incision, appendix, 
peritoneal fluid) than the noninfected patients. Raahave 
and colleagues closed their incisions primarily, without 
irrigation, but they powdered 1 g of ampicillin into the 
incision and obtained a wound infection rate of 23%. This 
study along with Sherman and colleagues” lends credence 
to the idea that topical antibiotic therapy is not effective but 
that irrigation to reduce the bacterial density is important. 

Our results support the use of copious saline solution 
peritoneal irrigation, delayed primary wound closure, and 
the avoidance of transperitoneal drains except for well- 
localized abscess. 
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Discussion 


Jay L. GRoSFELD, MD, Indianapolis: It seems that we can walk 
on the moon, send rockets to far-off planets, bypass coronary 
arteries, put babies on an extracorporeal membrane oxygenator, 
and use lasers and other new sophisticated technical devices, but 
we have not improved the capabilities of physicians in 30 years 
regarding the diagnosis of ruptured appendicitis in children. 

In this report, 32% of the children had ruptured appendicitis. 
This is similar to the findings at most children’s hospitals around 
the country and suggests that appendicitis can sometimes be a 
very humbling disease. 

Many of these children had been seen by health professionals. I 
wonder if the authors would define “health professionals.” Were 
these physicians’ assistants or nurses in the emergency room or 
were they really physicians? 

We have taken the posture at the James Whitcomb Riley 
Hospital for Children, Indianapolis, that any child who comes to 
the emergency room with a bellyache has to be seen by a surgical 
resident. Hopefully, this may reduce the number of patients with 
appendicitis who are sent home with misdiagnoses of flu, gastroen- 
teritis, and the like. 

The authors stress some very important points; rushing a 
patient with a ruptured appendix from the ER to the OR is a big fat 
ERROR in judgment. The key thing is to prepare the patient 
appropriately for his operation. 

More than 200 people die each year from ruptured appendicitis, 
albeit more commonly in the very young and the very old. In most 
instances this is traced to complications related to inadequate 
preparation of the patient prior to going to the operating suite. 

The authors’ results are commendable. A 1.8% intra-abdominal 
abscess rate in this high-risk group certainly is hard to beat. The 
authors consider triple antibiotic therapy the reason for this low 
abscess rate. How long are the patients maintained on triple 
antibiotic therapy? Are all three antibiotics continued or is a 
selective antibiotic used when peritoneal cultures are available? 

Would the delayed primary closure rate of wound infection of 
2.4% be even lower if you just left the wound open? 

This is a very informative and contemporary article concerning 
ruptured appendicitis in childhood. The challenge is as follows: 
How can we train the young residents and students under our 
direction to recognize these cases earlier and change the perfora- 
tion rate from greater than 30% to a much lower level? 

ArTHUR S. McFErE, MD, San Antonio, Tex: Samelson and 
Reyes’ study is a very timely and appropriate contribution. 

We reviewed our experience in San Antonio at the University of 
Texas Health Science Center. We see a population not unlike that of 
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Drs Samelson and Reyes. Much of what they report confirms our 
own experience, and I rise simply to second it. 

I would like to reemphasize Dr Grosfeld’s point about delay in 
diagnosis. In our own experience in one child, the diagnostic delay 
was 32 days and included seven separate visits to our emergency 
room. For each visit there was a diagnosis of viral gastroenteritis; I 
think it is a rather potent and long-lived virus if we accept the 
diagnosis at face value. 

We started reviewing these cases in the early 1970s, principally 
because of statements in standard surgical texts that pediatric 
appendicitis has an appallingly high mortality rate. We have now 
two series of patients (1972 to 1979 and 1979 to 1985) we have seen 
over the last 14 years. We have accrued 947 patients. We have had 
only one death—a child 3 weeks old, a mongoloid boy who was not 
brought to us until a week after the process was established and 
who also had sepsis. 

In our second (later) group, the number of patients in the age 
range of 2 to 6 years was significantly higher than in the earlier 
group. I really have no explanation for this fact except that perhaps 
we have discussed this subject so much that the diagnosis may be 
made a little earlier for treatment in our hospital and not a little 
later for treatment elsewhere. 

The conclusions we drew in 1979 after our first review are pretty 
much the same today. Our mortality rate is small but we must pay 
attention to it. We had very great concern then and still do about 
transperitoneal drainage. If possible, we prefer complete lavage 
and primary treatment of an abscess and no drainage subsequent 
to that point. Overall, in our experience, tenderness has been a 
very valuable clinical sign. I would like to reemphasize our 
conclusion that repeated examination is the key to making the 
diagnosis. Suspicion is another key. 

Appendicitis is a disease that is very much with us in major 
hospitals. The major cause of lethality in pediatric appendicitis is 
the fact that people tend to overlook it because little children 
probably should not have it. 

JOHN A. WEIGELT, MD, Dallas: Should patients in your wound- 
drainage group be considered as patients with infected wounds as 
well as those in your “true” wound infection group? 

We have wound surveillance results from Parkland Memorial 
Hospital, Dallas, that show that a wound-drainage group has a 
morbidity rate similar to that of a purulent infection group when 
measured by length of hospital stay. I think we are fooling 
ourselves to lower our wound infection rate by excluding patients 
from the wound-drainage group. Do you have the morbidity 
breakout of those two groups so that you can say whether they 
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truly are different or not? 

Morton M. Woo.tey, MD, Los Angeles: For some reason we 
diagnose appendicitis later in Los Angeles, because our perfora- 
tion rate continues to be 50% or greater and does not change 
appreciably from year to year. 

I agree with the treatment protocol outlined by the authors 
except for the copious intraperitoneal irrigation using 5 L of saline 
solution. 

I noted that the postoperative ileus rate was significant. It 
seemed to me to be quite high. It has been my observation that 
copious irrigation of the peritoneal cavity and concomitant manip- 
ulation of the bowel results in a higher ileus rate than if one does not 
irrigate but simply removes all of the evident exudate. Do the 
authors have some conclusive evidence that irrigation is clearly 
better than less vigorous removal of the evident exudate without 
the use of 5 L of saline solution? 

FREDERICK M. Owens, JR, MD, St Paul, Minnesota: I would 
like to ask the authors whether they do Gram’s stains at the time of 
operation for their patients who have perforated appendix. 

I ask because in the last couple of years I have been called on to 
review two cases of appendicitis. They were in young adults in 
whom gas gangrene developed following perforated appendicitis, 
with horrendous results. Of course, this points to the advantage of 
leaving the wound open, but it also points to the necessity of doing 
Gram’s stains at the time of operation for patients who have 
perforated appendix. 

Dr Reyes: I thank all the discussants for their kind comments, 
especially Dr Grosfeld, who agreed to review our paper and discuss 
it at this meeting. 

Unfortunately, the patient population that we see in Chicago, 
particularly in our institution, belongs to a low socioeconomic 
group, so that frequently there is a delay in recognizing the 
problem. 

Our patients are often brought to neighborhood clinics, which 
may be staffed by a nurse or a physician who fails to make a correct 
diagnosis, and Dr Grosfeld rightly commented that this is one of 
the major problems of appendicitis in the pediatric population. 

About a quarter of the patients in our group actually were seen 
by a so-called health professional before they came to our institu- 
tion for treatment. 


On the issue of antibiotics, we give our patients an average of 
seven days of treatment. We perform a Gram’s stain on all of our 
patients intraoperatively. We have had no cases of clostridial 
infection. We also change the antibiotics or reduce the number of 
antibiotics being used after the culture results are received 48 to 72 
hours later, and we then continue the therapy for five more days. 

In response to the question of delayed primary wound closure, 
we do like to see that the wound is already closed before we send 
our patients home. When we opened the wounds of patients whose 
wounds were taped and had increased wound drainage, they almost 
always appeared clean without evidence of cellulitis. Furthermore, 
these patients were without fever, had no increase in WBC count, 
and had negative wound cultures. As a matter of fact, these 
patients have been sent home earlier than the rest of our patients. 
Therefore, I believe that the phenomenon of increased wound 
drainage should not be considered a true infection. 

Rectal examination is done routinely in our institution in every 
patient both before and after operation. One of the tenets that we 
teach our students is that every child with an acute abdomen 
requires a good rectal examination, and I could not agree more 
with one of the discussants about the value of this examination. One 
of our patients who was not in this study had a rectal examination 
for the first time. In the previous three months he had been treated 
for recurrent urinary tract infection in a teaching institution, and it 
turned out that he had a presacral neuroblastoma. The importance 
of performing a rectal examination cannot be overemphasized. ` 

In some of our patients, history of diarrhea occurred prior to the 
onset of acute abdomen. Those who had persistent diarrhea after 
operative intervention had negative stool cultures, so we presume 
that these cases are probably secondary to rectal or sigmoid 
irritation from the inflammatory process. 

Dr Woolley asked a question with regard to the prolonged ileus in 
21 of our patients. Since an intra-abdominal abscess did not develop 
in any of these patients, I can only attribute this to vigorous 
irrigation of the peritoneal cavity, débridement of debris from the 
small bowel wall, and manual intestinal decompression. 

We believe very strongly that the major reason our rates of intra- 
abdominal abscess formation and wound infection were quite low is 
in large measure our intraoperative management protocol. 


In Other AMA Journals 


ARCHIVES OF INTERNAL MEDICINE 


Thoracic Computed Tomography in the Preoperative Evaluation of Primary Bronchogenic 


Carcinoma 


COL Joseph I. Matthews, MC, USA; MAJ Harvey M. Richey, MC, USA; 
COL Robert A. Helsel, MC, USA; LTC Brent A. Grishkin, MC, USA 


One hundred seventy-four patients with bronchogenic carcinoma underwent computed tomography (CT) as 
part of their preoperative evaluation. Overall, CT had a sensitivity of 86%, a specificity of 78%, and an accuracy 
of 81% in identifying mediastinal lymph node metastases. In patients with a central tumor, the sensitivity was 
93%, the specificity 74%, and the accuracy 83%. In patients with a peripheral tumor, the respective 
percentages were 55%, 82%, and 77%. Only 11 of 66 patients with a peripheral tumor had mediastinal 
metastases, and five of these patients had a normal CT scan. Conversely, 43 of 64 patients with a central tumor 
and mediastinal lymph node enlargement on the CT scan had unresectable disease, compared with only one of 
44 patients without such enlargement. We conclude that CT is not useful in the evaluation of patients with a 

peripheral tumor; however, it is useful in determining which patients with a central tumor do not require a 
surgical staging procedure prior to thoracotomy (Arch Intern Med 1987;147:449-453). 
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Lymphocyte Function 


and Abdominal Operations 


Trauma vs Elective Surgery 


David V. Feliciano, MD; Ronald B. O’Gorman, MD, PhD; Carmel G. Bitondo, PAC; 
Pamela A. Cruse, PAC; Randall H. Matthews, MD, PhD; Kathleen S. Matthews, PhD 


è An alteration of in vitro phytohemagglutinin-induced lym- 
phocyte transformation immediately following abdominal 
trauma has been demonstrated. In this study the results of 
lymphocyte transformation in 30 patients who had suffered 
abdominal trauma (27 laparotomies; three observed) were 
compared with those of 20 patients who had undergone 
laparotomy for elective surgical problems. Response to mito- 
gen was measured by incorporation of tritiated thymidine as a 
function of lymphocyte concentration, with a constant amount 
of phytohemagglutinin and a standard incubation period. A 
saturation curve was obtained, and lymphocyte response was 
measured as the concentration necessary for half-maximal 
incorporation of the radioactive label. No alteration of in vitro 
lymphocyte response was present in patients after elective 
abdominal or abdominal wall operations. In contrast, lympho- 
cyte transformation was markedly depressed in patients who 
underwent surgery following abdominal trauma. 

(Arch Surg 1987;122:697-701) 


mmune suppression following both trauma and major 
„surgery has been well documented in recent years.’” A 
variety of defects in immunity have been noted in both 
burned patients and in those with other forms of trauma 
related to the transfer of kinetic energy.'***** For patients 
undergoing surgery for nontrauma reasons, most studies 
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have focused on patients undergoing major cardiovascular 
operations.”’** There is, however, data that document a 
reduction in T-lymphocyte rosetting, abnormalities in neu- 
trophil chemotaxis, and reduced antibody responses in 
anergic patients before and after general surgical proce- 
dures.*”*" Also, older patients have been noted to have 
diminished responses to standard mitogens after elective 
inguinal herniorrhaphy.” The multiple defects that occur in 
all of these patient groups are related in some way to the 
continuing problem of postoperative sepsis in both trau- 
matized and nontraumatized patients’®*”*’*; however, an 
exact causal relationship has not been established.” 

Examination of the response of a patient’s lymphocytes to 
the mitogen phytohemagglutinin (PHA) in a defined me- 
dium is one mechanism to evaluate immune function. The 
variability noted with lymphocyte responses to PHA in one 
individual in the past is now thought to have been due to the 
presence of macromolecular species, such as proteins, in the 
medium.’ A chemically defined protein-free medium 
(Clayton Foundation Biochemical Institute 1000) developed 
by Shive and coworkers” at the University of Texas, Austin, 
was used in this study as well as a previously published 
study.” This medium supports a normal PHA-induced 
growth response of lymphocytes. Also, it allows for the 
performance of a lymphocyte transformation assay with 
little variability within a healthy individual examined at 
time intervals or among a group of healthy individuals 
examined at one time.’” In this study, abnormalities in 
lymphocyte transformation were compared in patients un- 
dergoing elective abdominal operations for surgical prob- 
lems with those in patients undergoing abdominal opera- 
tions or observation following trauma. 
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Table 1.—Elective Abdominal Surgery 


No. of Patients 


——— 

Colonic operations 
Right hemicolectomy 
Transverse loop colostomy 
Colostomy closure 


-i — N 


Herniorrhaphy 
Inguinal 3 
Ventral 1 
Vagotomy, antrectomy 3 
Total 20 








Table 2.—Trauma Abdominal Surgery 


Mechanism of Injury No. of Patients 


Penetrating wound 








Gunshot 10 

Stab 9* 

Shotgun 1 
Blunt trauma 10t 
Total 


*One patient observed without undergoing surgery. 
tTwo patients observed without undergoing surgery. 


PATIENTS AND METHODS 
Patient Profile 


Our study groups consisted of patients seen in the emergency 
center or on the wards of the Ben Taub General Hospital, a level I 
trauma center affiliated with the Baylor College of Medicine, 
Houston. 

The elective abdominal surgery group comprised 20 patients 
aged 24 to 66 years (mean, 31 years) who were scheduled for a 
nonemergent laparotomy or abdominal wall procedure. On the 
morning of surgery, prior to the injection of any preoperative 
medication, a 10-mL sample of heparinized venous blood to be used 
for the lymphocyte transformation assay was drawn. Isoflurane 
and fentanyl citrate were the anesthetic agents used during the 
operations that were subsequently performed in this group of 
patients (Table 1). The average intraoperative blood loss was 
50 mL. Approximately 24 hours after surgery, a second 10-mL 
sample of heparinized venous blood was drawn. 

The trauma abdominal surgery group comprised 30 patients 
aged 17 to 58 years (mean, 34 years) who had suffered either 
penetrating or blunt injuries to the abdomen (Table 2). The mean 
Trauma Score was 14 for all patients in the group, and 19 of 30 
patients were hypotensive (systolic blood pressure, <100 mm Hg) 
in the emergency center. In the 27 patients who underwent 
laparotomy (three patients had diagnostic peritoneal lavage only), 
the Injury Severity Score was 51, and the average blood loss was 
1880 mL. Approximately 24 hours after surgery, diagnostic perito- 
neal lavage, or a period of observation, a 10-mL sample of heparin- 
ized venous blood to be used for the lymphocyte transformation 
assay was drawn. 

The control group comprised 25 healthy volunteers with a mean 
age of 28 years. Ten-milliliter samples of venous blood to be used for 
the lymphocyte transformation assay were drawn from the volun- 
teers; this was repeated on multiple occasions. As previously 
noted, there was little variation within a single individual over time 
or between healthy individuals.’ 

Informed consent was obtained prior to venipuncture in all 
patients. 


698 Arch Surg—Vol 122, June 1987 


ST Sy OA Mp a LY ee F PET See a TA PIER 
f oy ty è ' ho t= tm rij SSeS hey, DaT 


i 


Mononuclear 
= Cell Layer 


“Buffy 
Coat” 





Fig 1.—Lymphocyte transformation assay. Methodology to obtain 
lymphocyte saturation curve. PHA indicates phytohemagglutinin. 


Lymphocyte Assay 


Each patient had 10-mL samples of venous blood collected by 
venipuncture in tubes containing solid heparin sodium. Specimens 
were stored at room temperature, and the assay was started within 
three hours of procurement. The peripheral blood mononuclear cell 
layer was obtained by Ficoll-Histopaque gradient centrifugation at 
400 g for 20 minutes. The lymphocyte layers were carefully 
removed by sterile pipette and transferred to a 15-mL centrifuga- 
tion tube containing phosphate buffer. The lymphocytes were 
washed twice, and the final cell pellet was resuspended with 
phosphate buffer to a final concentration of 3 x 10° cells/mL. The 
cell number was determined by counting a 20-uL sample in 10 mL 
of balanced electrolyte solution (Isoton-II; Coulter Electronics, 
Hialeah, Fla) with three drops of lysing buffer, azide-free (Zapo- 
globin; Coulter Electronics) in a model ZBI Coulter Counter 
(Coulter Electronics). Clayton Foundation Biochemical Institute 
1000 medium, which contains 2 mg/L of PHA in a constant 
concentration, was then inoculated with lymphocytes in varying 
concentrations in flat-bottom, 96-well microtiter plates (Fig 1). The 
cells were then incubated at 37°C in a 5% carbon dioxide incubator. 
After four days, the cultures were pulsed with 50 mL of tritiated 
thymidine (5.9 mol/L, specific activity, 1.0 MCi/pmol), and the 
incubation was continued for 20 to 24 hours. The cells were then 
harvested with a Brandel M-24R cell harvester using Reeves- 
Angel 934 AH (Brandel; Gaithersburg, Md) filter paper. Dried 
filters were placed in scintillation fluid, and the tritiated thymidine 
retained on the filters was determined by assay in a Beckman 1801 
counter (Beckman Instruments; Irvine, Calif). Triplicate assays 
were performed for six concentrations of lymphocytes ranging 
from 50 000 to 450 000 cells/mL of medium. A saturation curve was 
obtained (Fig 1), with lymphocyte response expressed as the con- 
centration necessary for half-maximal incorporation of radioactive 
label, Lip. The investigators performing assays of lymphocyte 
function (R.B.O., K.S.M.) were not informed about the patient’s 
clinical course. For statistical significance, a Student ¢ test was 
used. Statistical significance was defined as a P value of less 
than .05. 


RESULTS 


In vitro lymphocyte transformation in the two study 


groups was compared with that found in the group of 25 


healthy volunteers (mean Li, =8.0 x 10*+ 2.4 x 10* lympho- 
cytes/mL). 

For the 20 patients undergoing elective abdominal sur- 
gery, neither the preoperative in vitro response to PHA 
(mean Li,=8.3 x10*+3.1x10* lymphocytes/mL) nor the 
postoperative in vitro response (Liy,=7.8 x 10*+1.3 x 10° 
lymphocytes/mL) differed significantly from that found in 
the normal volunteers (Fig 2). No infectious complications 
or deaths occurred in this patient group after surgery. 

In contrast, marked alteration of the in vitro lymphocyte 
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Fig 2.—Normal lymphocyte assay. Saturation curve in healthy 
volunteers and patients undergoing elective abdominal operations 
is produced by using varying concentrations of lymphocytes and 
constant amount of phytohemagglutinin. Lı, indicates concentra- 
tion necessary for half-maximal incorporation of radioactive label. 
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response was observed following surgery or a period of ob- 
servation after abdominal trauma. For the 30 patients in the 
intensive care unit, mean Ly, equaled 2.5x10°+1.2 x 10° 
lymphocytes/mL (Fig 3). This value is significantly differ- 
ent from that found in the 25 healthy volunteers (P<.01). 
Both reoperations and postoperative infectious complica- 
tions were common in this group. In the 27 patients who 
underwent laparotomy, ten abdominal reoperations (six for 
infection, three for hemorrhage, and one for removal of 
perihepatic packing) were necessary in seven patients. In- 
fectious complications were documented in 11 patients (11/27 
(40.7%]), including four who required the six abdominal 
reoperations for infection. Five deaths (5/30 [16.7%]) oc- 
curred in this group, two from hemorrhage and shock, two 
from multiple organ failure, and one from a brain-stem 
hemorrhage associated with blunt trauma. 


COMMENT 


Defects in the immune response after surgery or trauma 
include abnormalities of cell-mediated immunity and com- 
plement pathways, dysfunction of polymorphonuclear leu- 
kocytes, and deficiency of fibronectin.'*** The variety 
of defects reported has made it difficult to decide on 
appropriate markers for detection, the relative importance 
of individual defects, and the value of immunomodulators. 

Lymphocyte responses to PHA are commonly used to 
assess the function of cell-mediated immunity.* As previ- 
ously noted, the value of this test in the past has been 
compromised by the wide variability in results.2”* The 
assay technique reported herein now allows for consistent 
and reproducible results in both healthy and immunosup- 
pressed individuals. The precision of this assay may prove 
useful in predicting the risk of postoperative Sepsis as well 
as determining the efficacy of therapy and the response to 
immunomodulators.' 

In this study, adult patients undergoing elective abdomi- 
nal or abdominal wall procedures did not have defects in 


*References 1-3, 5-8, 12, 18, 20, 22-26. 


Arch Surg—Vol 122, June 1987 


a. 
o 
x 
E 6 
a 
oO 
4 
2 





200 250 
No. of Lymphocytes x 10-°/mL of Medium 


Fig 3.—Abnormal lymphocyte assay. Saturation curve in patients 
with abdominal trauma. Ly, (concentration necessary for half- 
maximal incorporation of radioactive label) is significantly different 
(P<.01) from that noted in healthy volunteers and patients undergo- 
ing elective abdominal operations. 
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cell-mediated immunity, as measured by the postoperative 
response to PHA. These data are similar te those reported 
in a study by McLoughlin and coworkers’ in 1979, in which 
seven patients undergoing inguinal hernia repair while © 
under general anesthesia had no serum immunosuppression 
of PHA response. It differs considerably from data re- 
ported by Linn and Jensen” in 1983 in which average PHA 
responses in ten men aged 66+6 years were significantly 
depressed five days after elective inguinal! herniorrhaphy. 
The comparison group included ten men aged 48+10 years 
who showed no lymphocyte depression in the same time 
interval after surgery. As the mean age of the 20 patients in 
our elective abdominal surgery group was 31 years, the 
factor of age did not enter significantly into the results; 
hence, further testing of elderly individuals, using the 
assay technique described in this study, will be necessary to 
precisely compare outcomes with those reported by Linn 
and Jensen.” It is also difficult to compare the results of this 
study with those reported by Constantian et al.” In the 18 
patients in their class I group (minor operation or trauma), 
there was no immunosuppression of PHA responses after 
operation or observation. The class II group (major opera- 
tion or trauma with an uncomplicated clinical course), 
however, included 25 (42%) of 60 patients who developed 
immunosuppressive serum after operation or trauma. The 
overall magnitude of elective operations in this group was 
considerably greater than that in our elective abdominal 
surgery group. 

Data reported by many groups suggest that major elec- 
tive vascular and cardiac operations produce a depressed 
lymphocyte response to PHA, which persists, on occasion, 
up to four weeks after surgery. >23 This depressed 
response after major elective vascular and cardiac opera- 
tions has been correlated with infectious complications in 
the postoperative period,’ though this is difficult to do in 
some series because of the small number of significant 
infections in this group.” 

When a patient’s preoperative immune status is de- 
pressed on delayed hypersensitivity skin testing, it has 
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been suggested that perioperative nutritional support with 
total parenteral nutrition may be an effective immuno- 
modulator and may lower the incidence of postoperative 
infection.*"°" A similar relationship between depressed 
responses to PHA and nutritional deficiency has been 
documented as well; hence, nutritional Support in such 
patients before elective Surgical procedures is probably 
indicated.* In well-nourished patients, however, periopera- 
tive nutritional support will not eliminate the usual depres- 
sion of postoperative cell-mediated immunity.4 = 
Depression of the postoperative lymphocyte response to 
PHA after moderate to severe truncal trauma has now been 
documented in many series, 135812 This immune defect has 
been correlated with an increase in postoperative or post- 
traumatic infection in our previous study’ as well as in those 
of others ,®?358.12.18 although the exact causal relationship has 





not been defined. The origin of the immune defect is also not 
clear. The catabolic response to injury, the presence of 
acute-phase proteins, the serum immunosuppressive fac- 
tors, and the generation of suppressor cells have all been 
implicated in recent years, °*?17183539 Concurrent studies on 
the role of immunomodulators have also been done. 12 

Depression of PHA-induced lymphocyte responses oc- 
curred in patients with moderate to severe abdominal 
trauma followed by operation or observation but hot in 
patients undergoing minor to moderate elective abdominal 
or abdominal wall operations. The precision of the assay 
described and the previously demonstrated connection be- 
tween infection and depressed lymphocyte response sug- 
gest that this test is a valuable form of immune screening in 
the perioperative period. 
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Discussion 


WıLLram F. McManus, MD, San Antonio, Tex: I was struck by 
the similarity of response between the injured patient and the burn 
patient. Of concern, however, there appears to be considerable 
heterogeneity of this patient population in terms of age and 
severity of injury. As you know, lymphocyte function changes with 
age. 

My first question relates to the effect of injury on the changes 
reported. Did those patients with a greater magnitude of injury 
have a greater depression of PHA transformation, or were there 
any changes that correlated with the Injury Severity Score? 

I am pleased to see that in this study, injury per se had little 
immediate effect on lymphocyte populations. However, after the 
cell populations had an opportunity to respond to the neuroen- 
docrine milieu, the change became apparent. 

As demonstrated in our laboratory, injury may not change 
carefully cell-gated populations as much as infection. I, therefore, 
ask whether the change observed in your patients was a response 
to injury or to infection. It seems that the latter might have been a 
factor in those six patients who subsequently developed intra- 
abdominal infection. 

Of greatest concern is the purity of the isolated cell population. 
With the Ficoll-Hystopaque gradient technique, cell population 
homogeny is uncertain. 

With any stress, particularly infection, an outpouring of non- 
lymphocytic cells typically contaminates the lymphocyte collec- 
tion. In light of this, how did you control for the purity of your cell 
populations? 

MarvIN M. RomspaHL, MD, Houston: My interest in surgical 
stress has different implications, as I am looking at it from the 
standpoint of its adverse effect on tumors. 

The effects of stress induced by surgery and other means appear 
to involve the hypothalamus and pituitary axis centrally and the 


hematopoietic and lymphatic systems peripherally. Consequently, 
studies relative to the subject of stress may eventually more 
precisely identify the particular relationships between the neu- 
rologic system and the different cellular responses concerned with 
host defense. Clearly, this research will have implications for 
neoplastic growth and implicit trauma and should be expected to 
relieve the adverse effects we now observe. 

One of the aspects of great interest, and one which | would like to 
submit to Dr Feliciano, regards the lymphocyte subsets that were 
alluded to by Dr McManus. It is possible that those patients having 
ordinary surgical procedures, but not of the magnitude indicated 
by your most severely suppressed group, may have individual 
lymphocyte subsets that might, indeed, show changes reflecting 
immunologic malfunction. 

Dr FELICIANO: In terms of the correlation between the magni- 
tude of injury and lymphocyte depression, there is not a direct 
linear correlation. What is important is the rate at which the 
lymphocytes recover after trauma or surgery. Patients who devel- 
oped infectious complications in our previous study had the slowest 
rate of recovery of lymphocytes. 

Second, age is clearly a factor in lymphocyte responses, but we 
did not have enough elderly patients in this study to really affect 
our results in any way. 

I do not think infection is a factor in a study like this, because 
these patients had their lymphocytes studied at 24 hours after 
injury or surgery. 

Finally, your point about the Ficoll-Hystopaque gradient is a 
very important one, and we have no control for our lymphocyte 
population right now. 

Dr Romsdahl, we have not looked at T-helper and T-suppressor 
cells at the present time. 


In Other AMA Journals 


ARCHIVES OF OTOLARYNGOLOGY-HEAD & NECK SURGERY 
The Pectoralis Major Myocutaneous Flap: Use in Surgery of the Lower Neck and Superior 


Mediastinum 


Fernando D. Burstein, MD, Thomas C. Calcaterra, MD 


Surgery of the lower neck and superior mediastinum is most frequently performed for parastomal 
recurrence of laryngeal carcinoma. It has been associated with a high incidence of complications, often leading 
to fatal innominate artery rupture. The use of the pectoralis major myocutaneous flap has permitted wide en 
bloc resections of the superior mediastinum in ten patients without a major complication. Several technical 
innovations add versatility to the pectoralis major myocutaneous flap, including tailor fitting each skin paddle 
and incorporating the pectoralis minor into the muscular pedicle. Superior mediastinal resection should be 
performed in conjunction with laryngectomy and cervical lymph node dissection in patients who are at high 
risk for parastomal recurrence. We also recommend that patients with parastomal recurrence undergo this 
procedure for salvage (Arch Otolaryngol Head Neck Surg 1987;113:73-77). 
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Repeated Laparotomy for Postoperative 


Intra-abdominal Sepsis 


An Analysis of Outcome Predictors 


John A. Butler, MD; Jason Huang; Samuel E. Wilson, MD 


è To identify factors modifying the outcome of reoperation 
for intra-abdominal infection, we analyzed the management of 
47 patients who underwent repeated laparotomy from July 
1980 through July 1985. Overall mortality was 30% (14/47). 
Factors predictive of death were as follows: age greater than 60 
years (86% mortality vs 21% mortality), preoperative vs no 
organ failure (57% vs 6%), multiple vs single abscess (53% vs 
16%), and exploratory vs directed operative approach (39% vs 
17%). Although the interval between the primary surgery and 
reoperation was similar between survivors (13 days) and 
nonsurvivors (14 days), five (36%) of 14 nonsurvivors were in 
septic shock and eight (57%) of 15 survivors showed evidence 
of organ failure prior to reoperation. The median survival 
period following reoperation in this group was only four days. 
Computed tomography (CT) and/or ultrasonography were per- 
formed to localize a source of infection in 24 patients. In nine 
(82%) of 11 patients, CT identified the abscess, while ultra- 
sonography was positive in 15 (72%) of 21 patients. Neither the 
interval to operation nor the mortality was significantly differ- 
ent in patients diagnosed with CT and ultrasonography when 
compared with those who underwent exploration on the basis 
of clinical findings. To lower the mortality and to shorten the 
interval to reoperation in these high-risk patients, noninvasive 
diagnostic testing and confirmation by percutaneous sam- 
pling must be sought before the onset of clinical sepsis and 
organ failure. 

(Arch Surg 1987 ;122:702-706) 


Mr advances have been gained over the past two 
decades in both the identification and treatment of 
intraperitoneal infection. While these advances have suc- 
ceeded in lowering the mortality of intra-abdominal ab- 
scesses unassociated with prior operation, they have had 
little, if any, impact on the results of repeated laparotomy 
for postoperative intra-abdominal sepsis. Mortality in this 
setting has persisted in the range of 30% to 40%. Computed 
tomography (CT) and ultrasonography are accurate in 
identifying the specific site of infection, but the clinical 
application of these procedures in patients who exhibit 
signs of continued infection following operation has not 
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resulted in a lowered mortality. A mortality rate con- 
sistently in excess of 50% for patients who have multiple 
organ system failure (MOSF) substantiates the need for 
early identification and prompt drainage of any septic 
focus.' We postulate that surgeons delay inappropriately 
before searching for suspected postoperative intra-abdomi- 
nal sepsis. 

In this report, we describe a consecutive series of pa- 
tients who underwent repeated laparotomy for 
postoperative intra-abdominal sepsis. We analyzed this 
experience to identify patients at risk and factors predict- 
ing outcome that would allow the surgeon to intervene 
sooner. 


PATIENTS AND METHODS 


The operative logs of the general surgery service of a 600-bed 
urban, public hospital were reviewed for the five-year period from 
July 1980 through July 1985. This hand-tallied list of patients 
undergoing reexploration for intra-abdominal sepsis was then 
cross-checked with a computer-generated list, provided by the 
medical records department for the same interval, of patients with 
a discharge diagnosis of intra-abdominal abscess. The records of 
the 47 patients su identified were then reviewed, noting coexisting 
medical problems, such as diabetes or malignant neoplasms, that 
might render the patient more susceptible to recurrent infection. 
The reports of the primary operations were examined to determine 
technical factors that would predict the need for repeated 
laparotomy, eg, gross peritoneal contamination; the indications for 
reoperation are listed in Table 1. The clinical courses of the patients 
during the interval between operations were carefully detailed 
with respect to changes in the physical examination, temperature, 
and laboratory values. The findings of any radiologic procedure 
performed during this interval were noted and compared with the 
pathologic findings at repeated laparotomy. The immediate pre- 
operative status of the patient was reviewed to determine if the 
radiologic findings influenced either the timing or the type of 
operation performed, ie, directed vs exploratory laparotomy. 

The operative reports of the repeated laparotomies were re- 
viewed for the number and location of abscesses and any precipitat- 
ing causes found at surgery. Factors such as age, sex, physical 
findings, white blood cell count, interval between operations, and 
findings at reexploration were correlated with mortality. The 
contribution of MOSF, as defined by Fry et al,’ to outcome was also 
reviewed. 

x’ Analysis was used to establish the variables that were 
significantly associated with postoperative death. 
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RESULTS 


Thirty male and 17 female patients underwent reexplora- 
tion for intra-abdominal infection. The median age was 32 
years, with a range from 9 to 83 years. Mortality for the 
entire group was 30% (14/47). Both the frequency and 
mortality of repeated laparotomy as a function of age are 
shown in the Figure. Mortality is significantly increased for 
patients more than 60 years old (P<.001). 

Only five (11%) of the 47 patients underwent an elective 
procedure as the primary operation. An operation for 
trauma (blunt trauma, seven patients; penetrating trauma, 
eight patients) was the antecedent procedure in 15 patients. 
Seven of the 15 traumatized patients had gross contamina- 
tion of the peritoneal cavity with bowel contents. Another 
16 patients had primary gastrointestinal tract perforation, 
namely, peptic ulcer disease (n=5), colonic perforation 
(n=8), and perforated appendicitis (n=8). A well-formed 
abscess cavity was noted in only four of the 47 patients at the 
initial operation; generalized peritonitis was the usual 
finding. 

Retrospectively, we identified an error in surgical judg- 
ment at the time of the original operation in ten cases. These 
cases include unnecessary delays in surgery (n=2); missed 
sources of infection (n=2) (an unrecognized intrahepatic 
abscess and a contralateral subphrenic abscess); major 
procedures in elderly, unstable patients (n=2); and iatro- 
genic injury (n=2). The critical importance of these errors 
in judgment is highlighted by the fact that they occurred in 
seven of the 14 nonsurvivors and in only three of the 33 
survivors (P<.005). 


Indications for Reexploration 


The indications for reexploration are listed in Table 1. 
While all of the patients exhibited tenderness to palpation, 
guarding, or absence of bowel sounds, the site of infection 
was localized in only 12 of the 47 patients on the basis of 
physical examination. A distinct mass was palpable on 
abdominal or rectal examination in eight of those patients; 
the other four patients were noted to have purulent material 
from a drain site or from beneath the fascial closure. 

Persistent temperature elevations of greater than 38°C 
were noted in 42 (89%) of the 47 patients. A white blood cell 
count greater than 12 000/mm* (12 x 10°/L) was found in 40 
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Table 1.—Indications for Reoperation 


No. of 


indication Patients 


Computed tomography/ultrasonography 
Palpable mass 

Roentgenography 

Wound/drain purulence 

Unexplained sepsis 

“Acute abdomen” 

Blood cultures 

Total 







Table 2.—Results of Radiologic Studies 
No. False Accuracy, 
Test Correct +/- % 





Ultrasonography 15 0/6 72 
Computed tomography 9 0/2 
4 0/0 1 


82 
Radioisotopic scanning 
(all related to liver) 00 


patients (85%). Positive blood cultures were also docu- 
mented preoperatively in 15 patients, specifically, 11 of 13 
nonsurvivors and four of 18 survivors (P<.01). 

In 13 patients, persistent clinical deterioration was be- 
lieved to be secondary to ongoing sepsis. An abdominal 
source was demonstrated by either physical examination or 
radiography in seven of these patients. The other six 
patients underwent abdominal reexploration solely on the 
basis of continuing sepsis from an unknown site. 





Radiologic Evaluation 


Routine chest and abdominal x-ray films were useful on 
only two occasions by the demonstration of air-fluid levels. 
Radioisotopic studies detected one subphrenic and two 
hepatic abscesses. Computed tomography and ultra- 
sonography were used in 24 (51%) of the 47 patients, and the 
results are shown in Table 2. Computed tomography cor- 
rectly identified the abscess in nine (82%) of 11 patients; 
ultrasonography was somewhat less helpful, being positive 
in 15 (72%) of 21 patients. In attempting to assess the 
usefulness of these noninvasive modalities, we found that 
neither the interval to operation nor the mortality was 
significantly different in patients diagnosed with CT and 
ultrasonography (13 days) when compared with those ex- 
plored solely on the basis of their clinical status (14 days). 


Operative Technique and Findings 


The locations of the abscesses at the time of reexploration 
are listed in Table 3. The most common sites included the 
pelvic, subphrenic, and subhepatic spaces. Four patients 
had diffuse peritonitis without a localized abscess at sur- 
gery. Overall, the 15 patients with either multiple abscesses 
or diffuse peritonitis had a mortality of 53% in comparison 
with 16% for patients with a solitary abscess (P<.01). 

An abscess cavity had been preoperatively localized in 24 
of the 47 patients. This cavity led to a directed operative 
approach as opposed to an exploratory laparotomy. The 
only patient in whom percutaneous catheter drainage was 
attempted had a persistent left subphrenic abscess that 
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Abscess Location 


Subphrenic 10 


Subfascial s 5 
Paracolic 5 
Mesenteric 4 


required operation. The overall survival was significantly 
improved in patients undergoing a directed laparotomy 
(83%) compared with those who had an exploratory proce- 
dure (61%) (P<.05). 

With regard to technique, a midline incision was pre- 
ferred even when the abscess site was known. Soft and 
sump drains were placed to provide either closed or open 
drainage. 


Analysis of Results 


The overall mortality in this group of patients was 30%. 
The variables that were predictive of death are listed in 
Table 4. The single most powerful predictive factor in 
determining whether the patient survived reexploration 
was the presence or absence of organ failure prior to 
surgery. Eight (57%) of 14 nonsurvivors had preoperative 
organ failure compared with only two of 33 survivors 
(P<.001). Nonsurvivors had a median of three organ system 
failures compared with only one failed organ system in each 
of the two patients who survived. 

Twelve of the 14 nonsurvivors remained septic after the 
reexploration. One patient died shortly after surgery fol- 
lowing massive intraoperative hemorrhage incurred during 
drainage of a hepatic abscess. Another patient died 120 days 
following his last operation from an undiscovered septic 
focus. 

Six (43%) of the 14 nonsurvivors died within one day of 
operation. All six were hypotensive and required pressor 
agents prior to surgery. A review of these patients’ records 
clearly showed that the surgical procedure had been under- 
taken as a “last-ditch” effort to reverse a precipitous 
downhill course. 

The interval between the primary surgery and reopera- 
tion was strikingly similar for both groups—18 days for 
survivors and 14 days for nonsurvivors—and the need for 
multiple procedures was also not significantly different— 
three of 33 procedures for the survivors vs three of 14 
procedures for nonsurvivors. 


COMMENT 


The steady decline in mortality of patients undergoing 
primary operation for intra-abdominal abscess has not been 
realized in reoperation for intra-abdominal sepsis. Of 65 
patients treated by Field and Pickleman’ for intra-abdomi- 
nal sepsis unassociated with prior operation, only 10.8% 
died postoperatively. In contrast, Hinsdale and Jaffe’s 77 
patients who underwent repeated laparotomy for intra- 
abdominal sepsis had a mortality of 43%.* The advances 
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No. of 
Patients 


Multiple organ system failure 10 


Predictor 


Age >60 y 7 6 <.001 


Positive blood culture 15 11 


Multiple abscesses 15 8 <.01 


Nondirected exploration 





*P values were determined using x? testing. 


made in diagnosis by noninvasive testing; in treatment by 
powerful, broad-spectrum antimicrobials; and in intensive 
care support have not had a significant impact on the patient 
with postoperative sepsis. 

The interval between the primary operation for intra- 
abdominal sepsis and repeat laparotomy is long, ranging 
from 2.5 weeks in the case of subphrenic abscess treated a 
decade ago to ten days in Norton’s contemporary series of 
patients with MOSF.°° Earlier diagnosis of postoperative 
intra-abdominal sepsis is obscured by the difficulty of 
accurate physical examination, the prevalence of fever and 
leukocytosis postoperatively, the inaccuracy of ultra- 
sonography in patients with postoperative ileus, and the 
high false-positive rate of radioisotopic scanning. Although 
generally reported to have a sensitivity in excess of 80%, CT 
has hindered application for patients in the intensive care 
unit (ICU) because of problems that may occur during 
transportation to the radiology department. 

Predictors of failure in treatment of intra-abdominal 
abscess have been identified previously.’ Fry et al® detailed 
the lethality of MOSF, lesser sac abscess, positive blood 
culture, multiple abscesses, and patient age greater than 50 
years. Pine and coworkers,’ in a series of 106 patients, 
confirmed the association of MOSF with subsequent mor- 
tality. Our data, derived exclusively from patients with 
postoperative intra-abdominal infection, correspond with 
those in Fry and colleagues” earlier analysis, in that we 
found MOSF, patient age over 60 years, multiple abscesses, 
positive blood cultures, and nondirected approach to 
drainage to be predictors of poor outcome. 

Despite the accuracy of these predictors, their clinical 
use is moot because they become obvious only late in the 
patient’s course when reversibility of the outcome is highly 
unlikely. Norton,° for example, noted a mortality of 76% in 
intra-abdominal sepsis associated with MOSF, leading him 
to conclude that drainage of abdominal abscesses at this 
stage was almost futile. Failure of the first organ system 
was detected an average of eight days from the septic event. 
To be effective, intervention would need to occur earlier. 
Baue editorialized that drainage must be undertaken þe- 
fore organ failure is irreversible and must be complete and 
definitive. 

Frustrated with the difficulty of obtaining a precise and 
early diagnosis of postoperative intra-abdominal sepsis, 
some surgeons have advocated a “planned relaparotomy” at 
specified intervals to obviate the delay associated with 
clinical recognition.” Mortality in one series of patients 
from Germany was higher (73%) in those undergoing re- 
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operation for the traditional indications of sepsis, ie, on 
“demand,” than for those patients having a scheduled 
reoperation (29%). This difference suggests strongly that 
earlier diagnosis and drainage must still be the key to better 
survival in postoperative intra-abdominal sepsis. 

The disadvantage of this aggressive approach is the 
morbidity of a “negative” repeat laparotomy. We propose 
that CT, coupled with percutaneous aspiration of suspicious 
collections, is of sufficient benefit that, if used in high-risk 
patients, it will result in earlier identification of septic foci 
while avoiding the morbidity of a negative exploration. 
Norwood and Civetta’s" analysis of CT scanning in ICU 
patients led them to conclude that the test should be 
performed only to confirm abscesses. Yet the increasing 
accuracy of CT, reported to be 97% by Roche” and 82% by 
Shapiro et al,” suggests wider use of the procedure for 
screening in the patients at higher risk. 

Our analysis discloses certain risk factors recognizable at 
the initial operation that predispose the patient to serious 
postoperative intra-abdominal sepsis: emergency operation 


for complicated peritonitis, blunt and penetrating trauma of 
bowel with gross contamination, errors in surgical judg- 
ment (usually extensive procedures in unstable, elderly 
patients), undue delay in the original diagnosis, and age. 

Norwood and Civetta’s" finding that all CT scans were 
normal in the first postoperative week points to optimal 
timing of the diagnostic scan at the seventh or eighth post- 
operative day. Scanning would thus be conducted prior to 
onset of MOSF. 

We eonclude that mortality from postoperative intra- 
abdominal sepsis remains high (30%) in this five-year study 
of 47 patients. Outcome predictors identified in our patients 
concur with those in previous reports but are of little 
benefit in improving results. Certain risk factors predispos- 
ing patients to subsequent infection may be recognized at 
the primary operation. We propose that more routine 
application of noninvasive diagnostic testing, namely, CT, 
coupled with aggressive percutaneous aspiration and timed 
to precede development of late complications may result in 
an improved outcome. 
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Discussion 


Epwarp A. Darnko, MD, San Bernardino, Calif: By identifying 
factors associated with increased mortality rates, this study should 
help to alert us in caring for such patients. 

Errors in management in this group were identified in half of the 
nonsurvivors. This is significant and should be addressed. Only 
five of the 47 patients underwent elective operations. Forty-two of 
the operations were obviously emergencies. 

Preoperative resuscitation should be required whether the case 
is emergent or elective. Shock and contamination have long been 
recognized as preceding fatal sepsis. This combination thus de- 
mands appropriate attention to any patient to undergo surgery. 

It is sometimes difficult to restrain a junior resident from 
rushing a hypotensive elderly patient with a perforated viscus to 
the operating room, but surgery is appropriate for resuscitation 
from the fluid and acid-base-electrolyte status preoperatively. 

Appropriate antibiotics and cultures should be obtained 
preoperatively and intraoperatively. Appropriate intraoperative 
care with irrigation, drains, or complete drying of peritoneal cavity 
may be appropriate prior to closure. With anticipated prolonged 
ileus, total parenteral nutrition or any other nutritional mecha- 
nism should be initiated. In addition, the immunocompetence of 
the patient may be investigated, or it may be necessary to 
recognize the incompetence. 

Clinical follow-up of these patients in the postoperative period is 
most important. Any suspected, continued, septic focus must be 
vigorously searched for and identified early before MOSF. 

The incidence of mortality once MOSF is reached has been 
recognized as too high and almost irreversible, as has been noted in 
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the past and in the present study. 

Certainly, 13 days does appear to be prolonged. With the use of 
the noninvasive studies that are currently available, it is hoped 
that this period would support a clinical impression of continued 
spesis or localized sepsis. 

In this series, the CT scan was abnormal in 82% of patients. The 
timing, however, between the diagnosis by CT and intervention 
was not readily identified. 

I certainly agree that CT is probably the most effective or 
efficient modality in identifying these types of patients. However, 
of the 14 patients who died, 12 of these patients remained septic 
immediately after surgery. This group obviously represented the 
irreversibility that I referred to earlier. 

I would like to ask the authors how or if postoperative nutritional 
support was provided, how they used the perioperative and 
postoperative antibiotic regimens, and if they recognized any 
immunocompromised patients in the preoperative state before the 
first operation. 

Some patients will incur a septic complication because of their 
immunocompetence, and surgery may not reverse this status. 

RosBert F. Wixson, MD, Detroit: It is too late to obtain CT 
scans on day 8 and operate on these patients on day 13. My guess is 
that Dr Wilson, if he looks back, had a number of clinical and 
laboratory values that indicated that the patients were doing well. 
Last year we talked at this meeting about falling antithrombin, 
“prekallikrein,” and fibronectin levels to help predict that the 
patient was becoming septic. 

In those individuals in whom pus is drained but who continue to 
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do poorly and finally die without any gross pus, it is likely that 
endotoxin is being absorbed from their gut because of an impaired 
mucosal barrier. There has been some question as to whether 
enteral feedings help to maintain the stability of the intestinal 
mucosa and thereby reduce the absorption of bacteria and toxic 
material from the gut. 

I believe it is important in these septic individuals to use a Swan- 
Ganz catheter preoperatively and to maintain optimal filling 
pressures and oxygen delivery both intraoperatively and postop- 
eratively; I wonder if that is an important part of the authors’ 
program. 

In addition, in the past the patients who have had surgery for 
generalized peritonitis have had mortality rates of about 70% or 
higher. However, by leaving the abdomen open to provide better 
drainage and to facilitate daily reexploration, the survival rate now 
exceeds 80%. Consequently, I wonder if the authors would con- 
sider leaving the abdomen open in the patients with generalized 
peritonitis and reexplore daily until the peritoneal cavity is clean. 
Most of these individuals on whom we have reoperated every 24 
hours or so have initially had pockets of cloudy fluid that yield 
organisms on culture and smear. 

STEPHEN L. MICHEL, MD, Los Angeles: We are all indebted to 
the authors for their integrity in presenting what all of us would 
agree are the unsatisfactory results of the most challenging 
patients that can be found on a busy surgical service. 

I looked at the series somewhat differently and determined that 
it represents approximately nine patients a year on a busy surgical 
service, three quarters of whom were victims of trauma or had 
suffered gastrointestinal tract perforation due to one illness or 
another; 90% of these patients had presented with generalized 
peritonitis. Therefore, these patients could be characterized not 
only as being at high risk but also as having the typical type of 
urgent problem that we all see; they do not represent the esoteric 
patients with multiple systemic illnesses at the outset on a variety 
of potent medications. They seem mostly to have been young and 
healthy prior to the onset of their acute illness. 

The indicators for increased risk were enumerated by the 
authors, and it could be argued that none of these indicators was 
really the primary cause of death; instead, death might have been 
caused by the factors inferred by the authors in their self- 
described, nonideal therapy that had been provided to the pa- 
tients. The chief factor among them seems to have been cogent 
errors at the time of the first operation, typically representing 
delay in going to the operating room, performing the wrong 
operation on the wrong patient once there, or failing to complete 
satisfactorily, due to the reasons indicated, the purpose of the 
stated operation. 

Of equal interest in this high-technology era is that the surgeons 
and the patients were not “bailed out” by the availability of a host of 
high-technology testing capabilities. Certainly, the authors’ con- 
clusion is strongly supported by their evidence that these patients 
must be aggressively tested so that the pus may be sought out and 
detected at the earliest time. 

I wonder whether there ought to be convened a multidisciplinary 
conference to discuss these residual patients to see if, in fact, any of 
them can be considered as “preventable deaths.” Were these 
patients in such well-established, long-standing sepsis that they 
were literally doomed by the nature of their disease when they first 
came to the attention of the hard-working surgical team? 

Also of note is that the pus was found in the usual place. Perhaps 
the authors may share with us any unusual bacteriologic findings in 
these patients. 

I was interested in the eight patients of the 36 in whom false- 
negative results were obtained from CT and ultrasonography. 
Were those patients taken to surgery despite the false-negative 
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results of those noninvasive studies? If so, what merit was there in 
submitting the patient to the study since the false-negative result 
did not keep the team from the operating room? 

I also wonder if the authors could estimate the denominator of 
the rate for which the numerator is 37. What is the total number of 
patients, by estimation or otherwise, seen by the surgical service 
in the same period for which they described the explored patients 
whose survival was not in jeopardy and, in fact, who had a 
successful outcome? I think the excellent present report can be 
summarized as “good judgment comes from experience, and 
experience comes from bad judgment.” 

If they had it to do over again, the authors would not wait the 
number of days that they had waited. We all find ourselves boxed 
in, and this has certainly been addressed in years past by Francis 
Moore, who pointed out the categories of reasons why surgeons 
err. Either we operate too early or too late because of too small or 
too big of an operation. But typically, after having “gotten off on 
the wrong foot,” we are exceedingly slow, it seems, to acknowledge 
that there may be another explanation for the clinical course which 
the patient is pursuing. 

Lastly, have the authors considered using lymphocyte studies? 

Dr Witson: I certainly agree, Dr Dainko, that incomplete 
preoperative resuscitation can spoil the best of surgical intentions. 
Moreover, insufficient attention to the important technical steps in 
managing the primary operation for intra-abdominal sepsis, in- 
cluding irrigation, judicious débridement, and appropriate 
drainage, can predispose the patient to late intra-abdominal 
infection. With regard to the interval between the primary opera- 
tion and the reexploration for intra-abdominal sepsis, I would like 
to point out that the transition from postoperative recovery in the 
ICU to recognition of the insidious signs of intra-abdominal sepsis 
usually takes place over a period of seven to ten days. It is unusual 
for a postoperative intra-abdominal abscess to present clinicall 


before the seventh postoperative day; if the condition is undiag- 


nosed by the tenth postoperative day, systemic complications such 
as renal failure, jaundice, and pulmonary insufficiency set in. The 
clinician really only has a brief window of opportunity in which to 
make the diagnosis of intra-abdominal sepsis in the high-risk 
patient prior to the onset of these adverse risk factors. Nutritional 
support must be obtained in these patients, and it is my preference 
to provide this through the parenteral route. Enteral nutrition is 
often not possible in the patient with lower gut surgery or 
postoperative ileus secondary to intra-abdominal sepsis. I am 
skeptical that newer and broader-spectrum antibiotics will provide 
the solution to increasing the survival rate of these patients. 
Currently, they receive multiple antimicrobial agents with appro- 
priate spectra. When we do see resistant organisms, they are 
usually Candida, Pseudomonas, and enterococci. 

Dr Robert Wilson’s comment on absorption of endotoxin is very 
pertinent in this clinical situation. In an experimental animal 
model, we have demonstrated passage of intestinal bacteria into 
the portal venous system when hypoperfusion of the gut results in 
mucosal ischemia. Furthermore, others have shown that in intra- 
abdominal sepsis, relative hypoperfusion of the liver may contrib- 
ute to the hepatic failure so commonly observed. A false-negative 
CT scan could cause delay in reoperation, but the false-negative 
rate is very low, ie, the false-positive rate is higher. This is why I 
think it is important to confirm the scan showing a fluid collection 
by needle aspiration. Open drainage is useful in the management of 
intra-abdominal sepsis, particularly in the patients with complex 
lesser sac pancreatic abscesses. 

During the period of the study, Dr Michel, we performed 
approximately 40000 major procedures, of which one third were 
general surgical operations. 
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Cutaneous Thick Melanoma 


Prognosis and Treatment 
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èe Among proponents of elective lymph node dissection 
(ELND) for clinical stage | melanoma, controversy exists as to 
whether there is an upper limit of tumor thickness beyond 
which ELND should not be considered. We reviewed 169 
patients with clinical stage | and Il melanoma that was greater 
than or equal to 3.0 mm thick and who were treated at the 
University of Illinois Hospital, Chicago. Of 139 patients with 
clinical stage | disease, 117 underwent ELND. Five- and ten- 
year survival rates were 55.7% and 48.9%, respectively. Multi- 
factorial analysis demonstrated that anatomical location, 
level, pathologic stage, and ulceration were the best predictors 
of survival. Thickness did not emerge as a significant variable. 
Our findings do not support basing treatment decisions, eg, 
ELND in this group of patients, solely on the thickness of the 
primary tumor. We continue to recommend ELND in patients 
with either intermediate or thick melanomas. 

(Arch Surg 1987;122:707-711) 


he role of the elective lymph node dissection (EK LND) in 

clinical stage I melanoma is an area of continuing 
controversy and active clinical investigation.’ Two prospec- 
tive randomized studies of ELND in cutaneous melanoma 
have showed no survival benefit for this procedure.” Yet 
the advocates of ELND have based their argument on 
several well-documented retrospective studies.*” The larg- 
est of these retrospective studies, a combined investigation 
from the University of Alabama, Birmingham, and the 
University of Sydney, Australia,” showed significantly 
greater survival for patients with 1.50- to 4.0-mm-thick 
melanoma who underwent wide excision and ELND than 
for patients in this same thickness group who underwent 
wide excision only. This study found no benefit derived from 
ELND for patients with melanoma thicker than 4.0 mm. 
Recently, however, McCarthy and coworkers” showed, in a 
nonrandomized prospective study, that women with ex- 
tremity melanomas thicker than 3.1 mm who were treated 
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with ELND had significantly improved survival rates. Men 
with similar melanomas were found to have an improved 
disease-free interval after ELND but no improvement in 
overall survival. 

The recommended upper thickness limit for perform- 
ing ELND has varied from 3.0 to 4.50 mm in different 
studies.***” Each researcher has based his recommenda- 
tion on statistically significant findings within his own set of 
data. At this writing, the currently active study of ELND 
conducted by the Intergroup Melanoma Committee in- 
cluded only patients with melanomas between 1.0 and 
4.0 mm thick. 

Our group has continued to advocate ELND for patients 
with either intermediate or thick melanomas. We have been 
concerned about using 4.0 mm as a definitive cutoff point for 
performing ELND. In light of the controversy concerning 
the upper limits of tumor thickness (ie, 3.0, 3.65, 4.0, or 
4.50 mm) at which to eliminate a patient from ELND, we 
have reviewed prognostic factors and survival rates for our 
patients with melanomas 3.0 mm thick or thicker who 
received their primary treatment at the University of 
Illinois Hospital, Chicago. 


PATIENTS AND METHODS 


The University of Illinois Division of Surgical Oncology Mela- 
noma Registry comprises 1269 melanoma patients whose clinical 
and pathologic data are recorded in a computerized format. The 
primary tumor slides of 950 of these patients have been reviewed 
and restaged by one of us (S.G.R.). Of these patients, 859 have 
received their primary definitive treatment at the University of 
Illinois Hospital by members of the Division of Surgical Oncology 
since the arrival of one of us (T.K.D.) in 1968. The remaining 
patients either were seen initially before 1968 or had their primary 
treatment at another hospital and were referred to us for treat- 
ment of recurrent disease or for follow-up. Of the group of 859 
patients, 176 had melanomas with a thickness of 3.0 mm or more. 
Within this population, 189 patients (79%) had clinical stage I 
disease, 30 patients (17%) had clinical stage II disease, and seven 
patients (4%) had clinical stage III disease. Of the 139 patients with 
clinieal stage I disease, 117 underwent wide excision and ELND, 
whereas 22 patients underwent wide excision only. Lymph node 
dissection was omitted in the latter group because of relative 
medical contraindications such as severe pulmonary and car- 
diovascular disease or marked obesity. Follow-up of these 169 
patients was complete at this writing, with a median of 46 months. 

Our surgical approach to melanoma has been previously de- 
scribed.’ In general, patients with clinical stage I and II disease 
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Fig 1.—Survival curves for patients with clinical stage | melanoma 
who underwent elective lymph node dissection; tumor thickness 3.0 
to 3.99 mm (open circles) vs greater than or equal to 4.0 mm (closed 
circles) (P= .054). 


underwent wide excision with 5-cm skin margins and excision of 
the underlying fascia. In some patients with head and neck 
melanoma, such wide margins were not possible because of ana- 
tomic constraints. Skin grafts were usually required for closure. 
Minor amputations were performed on patients with melanomas of 
the digits. Adjuvant isolated limb perfusion was employed in 
selected patients with extremity melanomas. Lymph node dissec- 
tion was done in continuity with excision of the primary tumor in all 
cases where it was feasible. In instances of ambiguous lymphatic 
drainage of the primary tumor, both node groups were dissected. 

Survival curves were calculated by the method of Kaplan and 
Meier“ and curves were compared using Breslow’s version of the 
generalized Wilcoxon statistic.” x? Analysis and Fisher's exact test 
were used when suitable. The proportional hazards model pro- 
posed by Cox” was used in a multifactorial analysis of survival 
data. 


RESULTS 


The five- and ten-year survival rates of the 117 patients 
with clinical stage I melanomas greater than or equal to 3.0 
mm thick who were treated with wide excision and ELND 
was 55.6% and 49.3%, respectively. The five-year survival 
rate for patients with melanomas measuring 3.0 to 3.99 mm 
thick was 58.6% and for patients with melanomas greater 
than or equal to 4.0 mm thick it was 49.2% (Fig 1). 
The characteristics of these two groups are presented in 
Table 1. 

The results of univariate analysis with respect to various 
prognostic variables (Table 2) demonstrated that pathologic 
stage, level of invasion, anatomical location of the primary 
tumor, and thickness were of primary importance in this 
patient population. The five-year survival rates were not 
found to be significantly different when comparing the 
survival curves of patients with 3.0- to 3.99-mm-thick and 
4.0- to 5.99-mm-thick tumors (P=.21), but there was a 
significant difference when patients with 3.0- to 3.99-mm- 
thick tumors were compared to those with tumors greater 
than or equal to 6.0mm thick (P = .02) (Fig 2). Patients with 
thick melanomas of the head and neck region had the worst 
prognosis by far (15% projected five-year survival). 

Multifactorial analysis of prognostic factors, using the 
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Table 1.—Comparison of Clinical and Pathologic Factors 
in Patients With Clinical Stage | Melanoma Undergoing 
Elective Lymph Node Dissection* 







Tumor Thickness, mm 
tr. 





3.0-3.99 =4.0 


Clinical features 
No. of patients 53 64 


Sex, No. (%) of patients 
M 




















26 (49) 39 (61) ss 
F 27 (51) 25 (39) si 
Mean (+ SD) age, y 48.2+15.0 52.0+15.43 
Site, No. (%) of patients 
Axial 25 (47) 31 (48) 
Head and neck 4 (7) 11 (17) 
Trunk 21 (40) 20 (31) 
P=.96ł 
Extremities 28 (53) 33 (52) 
Lower 16 (30) 23 (36) 
Upper 12 (23) 10 (16) 
Pathologic features, No. (%) of patients 
Pathologic stage 
| 44 (83) 43 (67) 
Il 9 (17) 21 (33) 
Level of invasion 
ili 13 (25) 6 (9) 
IV 36 (68) 33 (52) P<,001 
V 4 (7) 25 (39) 
Ulceration 
Yes 26 (49) 30 (47) | 
P=.96 
No 27 (51) 34 (53) 









Growth patternt 
NM 28 (53) 

SSM 23 (43) 21 (33) P=.09 

ALM 2 (4) 7 (11) 

*P values were obtained by the x? test (significance, P<.05). 

tAxial vs extremities. 


NM indicates nodular melanoma; SSM, superficial spreading melanoma; 
and ALM, acral lentiginous melanoma. 


36 (56) 












variable groups shown in Table 2, showed that pathologic 
stage, level of invasion, and anatomical location of the 
primary tumor were the most important predictors of 
survival (Table 3). 


Variable P 
Pathologic stage .0008 
Primary site .0098 
Clark’s invasion level .0225 
Tumor ulceration NS 
Thickness NS 
Sex NS 
Age NS 
Growth pattern NS 


(x? = 23.2 with 3 df; P<.00001; and NS indicates P>.12 if the 
variable is added to the model.) Tumor thickness did not 
emerge as a significant variable. When thickness groupings 
of 3.00 to 3.99 mm and greater than or equal to 4.00 mm 
were used, thickness was also not significant. When patho- 
logic stage was excluded from the above model, which is the 
situation before surgery, this secondary model had a x’ 
value of 17.4 with 3 df and a P value of .0006. The significant 
variables were anatomical location of the primary tumor 
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Table 2.—Single-Factor Analysis in 117 Patients With Thick 
Melanomas (=3.00 mm) Treated With Wide Excision and 
Elective Lymph Node Dissection* 


No. of 
Patients 


Five-Year 
Survival, % 


Clinicopathologic 
Variables 


Thickness, mm 
3.0-3.99 


4.0-5.99 
=6.00 


Primary tumor typet 
ALM 


SSM 
NM 


Location 
Extremities 


Axial 
Head and neck 
Trunk 





*P values were obtained by Wilcoxon-Breslow analysis of Kaplan-Meier 
curves. 

tALM indicates acral lentiginous melanoma; SSM, superficial spreading 
melanoma; and NM, nodular melanoma. 


(P=.0018), level of invasion (P=.0158), and ulceration 
(P =.0414). Thickness of the primary tumor still did not 
emerge as a significant variable, and, if added to the overall 
model, had a P value equal to .1192. 

The frequency of lymph node metastases in our patients 
with clinical stage I disease who underwent ELND was 
25.6% (Table 3). For patients with tumors greater than or 
equal to 4.0 mm thick this frequency was 30% to 40%. It is of 
interest that of the 15 thick melanomas of the head and neck, 
nine (53%) had node metastases. The mean (+SD) and 
median tumor thicknesses of this group of head and neck 
melanomas were 4.62+1.7 and 5.08 mm, respectively. 

A comparison of the clinicopathologic findings in patients 
with pathologic stage II lesions by clinical stage showed 
that patients with clinical stage II disease generally had 
thicker primary tumors (clinical stage Il-pathologic stage 
II: mean, 7.7+5.5 mm, and median, 6.9 mm; clinical stage 
I-pathologic stage II: mean, 5.5+3.4 mm, and median, 
5.0 mm). Patients with clinical stage II disease also had 
more positive nodes than those with clinical stage I disease 
(clinical stage [I—pathologic stage II: mean, 5.0+4.1, and 
median, 4.0; clinical stage I-pathologic stage II: mean, 
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Fig 2.—Survival curves for patients with clinical stage | melanoma 
who underwent elective node dissection. Open circles indicate 
tumor thickness of 3.0 to 3.99 mm (A); open squares, 4.0 to 5.99 mm 
(B); and closed triangles, greater than or equal to 6.0 mm (C) 
(overall, P= .042; A vs B, P=.212; A vs C, P=.018; and B vs C, 
P= .128). 


Table 3.— Incidence of Microscopically Positive Lymph Nodes 
in Patients Undergoing Wide Excision (WE) 
and Elective Lymph Node Dissection (ELND) 


Primary No. of Patients No. of Patients incidence of 
Tumor Undergoing With Positive Positive 
Thickness, mm WE and ELND Lymph Nodes Lymph Nodes, % 


1.8+1.7, and median, 1.0). The five-year survival rate for 
patients with clinical stage I—pathologic stage II disease 
was 25.6% and for patients with clinical stage I[l—pathologic 
stage II disease it was 8%. If analysis is limited to patients 
with melanomas greater than or equal to 4.0 mm thick, 


survival was 35% for patients with clinical stage 
I-pathologic stage II disease and 10% for patients with 
clinical stage II—pathologic stage II disease (Fig 3). 


COMMENT 


Controversy surrounds the use of ELND inthe treatment 
of cutaneous melanoma. A national study on intermediate- 
thickness melanoma is currently in progress to try to 
resolve the matter. However, because the study is limited to 
patients with melanomas 1.0 to 4.0 mm thick, there is a 
tendency among clinicians to regard the treatment of 
patients with thick tumors with a degree of pessimism. To 
analyze clinical data, it is frequently necessary to group 
patients by thickness limits or cutoff points. Although 
survival rates after treatment of melanoma are most com- 
monly expressed in terms of various thickness groupings, it 
has been shown by Balch and coworkers” that a more 
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Fig 3.—Survival curves for patients with melanoma greater than or 
equal to 4.0 mm thick; clinical stage |—-pathologic stage II (open 
circles) vs clinical stage ll—pathologic stage II (closed circles) 
(P= .0002). 


accurate description of the behavior of the disease can be 
obtained by plotting tumor thickness against ten-year 
survival. When this is done, it can be appreciated that there 
are no thickness cutoff points, but rather a continuous 
decrease in survival with increasing tumor thickness. This 
concept can be expressed in terms of a simple nonlinear 
mathematical model. Balch et al” have also been able to fit 
their observations to more complex models that take into 
account other prognostic variables, such as anatomical 
location of the primary tumor, sex, age, and ulceration. 
However, the relatively simple model based on thickness 
alone serves to emphasize that the use of cutoff points is 
inconsistent with our understanding of the natura! history 
of melanoma. Put simply, a cutoff point suggests that, based 
on tumor thickness alone, there is a significant difference 
between a patient with a 3.50-mm melanoma and a patient 
with a 4.50-mm melanoma. In fact, it has become in- 
creasingly clear that melanoma can be further charac- 
terized, thus making thickness, though of major impor- 
tance, not sufficient to account for the prognosis of the 
individual patient. 

A brief discussion of three reasons that have been given to 
eliminate patients with thick melanoma from consideration 
for ELND is pertinent. The first reason is based on the fact 
that the frequency of systemic disease is high for patients 
with thick melanomas. For example, it has been estimated 
that at least 70% of patients with melanomas greater than or 
equal to 4.0 mm thick will develop distant metastases, a fact 
believed to negate any potential benefit of ELND. The 
survival rates for our patients with clinical stage I melano- 
mas at least 4.0 mm thick are 49% at five years and 42% at 
ten years. Multifactorial analysis of our patients with 
tumors greater than or equal to 3.0 mm thick has showed 
that prognostic factors other than thickness (ie, primary 
tumor location, pathologic stage, level of invasion, and 
ulceration) are more important. Day and coworkers” also 
found thickness not to be the dominant prognostic factor in 
their multifactorial analysis of 79 patients with clinical 
stage I melanoma greater than or equal to 3.65 mm thick. 
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Fifty-two of these patients had undergone ELND and two 
thickness groupings were used. 

The potential practical value of multifactorial analysis is 
that it may allow the identification of patients within a given 
thickness group who have markedly differing prognoses. 
Balch and colleagues,’ utilizing the results of multifactorial 
analysis, have been able to define subgroups of patients 
with thick tumors who have survival rates comparable with 
those of patients with tumors of intermediate thickness. 
Therefore, to base treatment decisions solely on the sur- 
vival results of patients grouped under a broad thickness 
category seems to run counter to the considerable efforts 
made to characterize the behavior of this disease. 

A second reason given for not performing ELND on 
patients with thick melanomas is that retrospective studies 
have shown that the benefit of ELND is limited to patients 
with melanomas of intermediate thickness. In the combined 
study of patients from the University of Alabama and the 
University of Sydney," single-variable analysis by the 
Kaplan-Meier method showed no survival advantage for 
patients with melanomas greater than or equal to 4.0 mm 
thick. The relative infrequency of patients with tumors of 
this thickness (approximately 10% to 12% of all patients with 
clinical stage I disease) makes the problem a difficult one to 
evaluate. For example, in the above study, the total number 
of patients from the University of Alabama with melanomas 
greater than or equal to 4.0 mm thick was 44 (26 underwent 
ELND, 18 underwent wide excision alone); from the Uni- 
versity of Sydney there were 117 patients, of whom 46 
underwent ELND. This study was later expanded to in- 
clude 227 patients with melanomas greater than or equal to 
4.0 mm thick.” The total number of patients undergoing 
ELND was not specified. Multifactorial analysis clearly 
suggested that patients with melanomas in both the 4.0- to 
5.99-mm and greater than or equal to 6.0-mm thickness 
groups who underwent ELND had significantly improved 
survival compared with those who underwent wide excision 
alone.” 

The timing of node dissection is a third important consid- 
eration. The findings of the two randomized trials of ELND 
conducted by the Mayo Clinic and the World Health Organi- 
zation suggest that survival rates are similar in patients 
with pathologically positive nodes whether these affected 
nodes are removed during an elective node dissection or 
later as a therapeutic node dissection when the metastatic 
disease becomes clinically apparent.*® A previous report 
from our institution has emphasized the differing prognoses 
for patients with pathologic stage II disease who presented 
with clinical stage I disease, compared with those patients 
who had clinical stage II disease.’ Our projected five-year 
survival for patients with clinical stage I-pathologic stage 
II melanomas greater than or equal to 4.0 mm thick is 35%. 
The poor survival rate of our patients with clinical stage II 
melanoma (8%) in this thickness group may not be compara- 
ble with the results that might be obtained in patients with 
clinical stage I disease treated initially by wide excision 
alone and later with therapeutic node dissection. However, 
it has been reported that the survival rates for patients with 
clinically positive nodes are the same whether they present 
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with synchronous or metachronous lymph node meta- 
stases.’ 

Based on our understanding of the natural history of 
melanoma and a review of our data and those of others, we 
do not believe that there is sufficient information available 
to eliminate arbitrarily an individual patient from consid- 
eration for ELND based on thickness alone. Surgery 


remains virtually the only effective treatment for mela- 
noma. We believe that the best cure rate for patients with 
thick melanoma will be obtained with an aggressive surgical 
approach. 

This investigation was supported in part by National Institutes of Health 


grant PO1 CA31827 and the Louis Lerner Memorial and Carol Thomas 
Brigham Fund. 
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Discussion 


HrraM C. PoLk, Jr, MD, Louisville, Ky: While it is correct that 
depth does not matter once the lesion is more than 3 mm thick, for 
lesions less than 3 mm thick, depth is everything in terms of 
prognosis and the requirement for additional adjunctive treat- 
ment. For example, almost no one would dissect the nodes 
electively in a melanoma that was less than 1 mm thick and very few 
people would dissect a melanoma less than 1.5 mm thick. As 
thickness increases from 1.0 to 1.5 mm to 3 mm, there is a real 
advantage to the regular practice of node dissection. 

The question posed by these authors is: Is there any difference 
when the lesion is 3, 4, 5, and 6 mm thick? I think they have 
answered that question rather conclusively. It seems not to make a 
difference. 

I have been impressed by two or three studies from Roswell Park 
Memorial Institute, New York, that are either in press or have 
been published in the last year that report that there is occasional 
salvage in the patient with clinically positive regional lymph nodes 
at the time of presentation. That figure has often been said to be 
zero, and I think I have contributed to that misunderstanding 
(Karakousis CT, Emrich LJ, Rao U: Groin dissection in malignant 
melanoma. Am J Surg 1986;152:491-495). It is quite clear that the 
present authors have an 8% to 10% survival rate in very adverse 
cases when dissection can be done and the maximum extent of 
metastasis is to the regional lymph nodes. 

The present report’s emphasis on the management of the very 
thick primary melanoma is appropriate, but all we surgeons have to 
offer is radical excision and ELND. Prophylactic immunotherapy 
basically has been a hoax for these patients, and most physicians 
have been unable to confirm observations on immunotherapy. I 
think it has been extremely difficult to demonstrate its value. 
Systemic chemotherapy, which some physicians would offer to 
patients with breast cancer, is not of any value in the patient with 


Arch Surg—Vol 122, June 1987 


melanoma, particularly one who has a thick primary lesion without 
evidence of disseminated disease. 

I think our own preference (although its effectiveness is hard to 
prove) would be to add isolation-perfusion chemotherapy and mild 
hyperthermia with two drugs for those patients who have very 
thick lesions on the extremities. 

How do the authors treat a lesion that is a thick primary 
melanoma but with ambiguous drainage? I doubt that two ELNDs 
should be performed, although some surgeons have recommended 
even three dissections in trying to chase this lesion. What should be 
done when that drainage route is ambiguous? 

Also missing from most reports that so strongly recommend 
node dissection are any data on the morbidity and mortality of that 
operation. They have been considerable in the hands of virtually 
everyone who measured them carefully, and this would be a further 
bit of information that would help most of us decide exactly when to 
perform dissection and when to avoid it. 

Dr SCHNEEBAUM: In reply to your question of whether we 
perform lymph node dissections when we treat a patient who has an 
ambiguous lymph node drainage to more than two lymph node 
basins, in general we would not perform any dissection. For 
midline trunk lesions, we routinely perform bilateral axillary 
dissections. 

There was no mortality in this group of patients. Clinically 
significant lymphedema of the arm after axillary dissection is 
generally infrequent. We have not specifically evaluated morbidity 
after groin dissection, but it is my impression after seeing many of 
these patients in the melanoma clinic that there is less immediate 
postsurgical morbidity and clinically significant lymphedema than 
might be anticipated. Perhaps this is because we use two separate 
incisions for radical groin dissection, which, I believe, is what most 
surgeons also do today. 
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Original Articles 


Effect of Endarterectomy on Arterial 


Fibrinolytic Activator Activity 


Jonathan R. Hiatt, MD; Jo Carol Hiatt, MD; George F. Sieffert, MD; Wesley S. Moore, MD 


e Although endarterectomy leaves a raw subintimal surface, 
thrombotic complications are rare. This may be the result of 
activation of the fibrinolytic system. Fibrinolytic activator 
activity (FAA) was studied after intimectomy of 3-cm segments 
of carotid artery in dogs. Endarterectomized segments and 
contralateral contro! arteries were resected immediately fol- 
lowing intimectomy (group 1) and after blood flow restoration 
of ten minutes, three hours, and 24 hours (groups 2, 3, and 4, 
respectively). Areas of fibrinolysis around punch biopsy spec- 
imens from each endarterectomy segment and from the con- 
trol artery were measured. Fibrinolytic activator activity, the 
ratio of the areas in endartectomized segments to control 
arteries, was reduced in groups 1 through 3 (mean, 60.7%, 
70.1%, and 79.7%, respectively) and was normal in group 4 
(94.3%). We conclude that canine FAA is significantly de- 
pressed at the endarterectomy site initially but returns to 
normal at 24 hours. The source of FAA may be synthesis by 
subintimal structures or delivery by the circulation. During 
this period of increased thrombogenicity, use of antiplatelet or 
anticoagulant therapy would be justified. 

(Arch Surg 1987;122:712-714) 


he fibrinolytic system is a complex enzymatic mecha- 

nism that, among its functions, helps to prevent in- 
travascular thrombosis. Sources of fibrinolytic activators 
include vascular endothelium and blood. The raw subin- 
timal surface produced by surgical endarterectomy might 
be expected to have an increased propensity for thrombosis 
and embolism, yet this is an infrequent complication. Since 
surgical trauma is known to alter fibrinolytic activation, the 
present study was undertaken to measure the effect of 
endarterectomy on arterial fibrinolytic activator activity 
(FAA) and to determine whether subintimal structures 
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Groups and Results 


Blood Flow Mean FAA,* % 
Sroup Restoration of Control + SD 


60.7 +9.6 
10 min 70.1 +10.5 


3h 79.7+11.5 


3 6 
4 6 24h 94.3+8.3T 


*FAA indicates fibrinolytic activator activity. 
tP<.02. 







might elaborate an activating substance to explain the 
absence of thrombotic complications. 


MATERIALS AND METHODS 


The experimental model (Fig 1) was intimectomy of canine 
carotid artery. Twenty-two mongrel dogs, 20 to 30 kg, were 
anesthetized with thiopental sodium (Pentothal), intubated, and 
given mechanical respiratory assistance. Carotid arteries were 
exposed and heparin, 1000 units intravenously, was given prior to 
arterial clamping. A 3-cm intimectomy of the carotid artery was 
performed, using a longitudinal incision that was closed with a 
continuous suture of 6-0 polypropylene. The endarterectomized 
segments and a 3-cm segment of contralateral carotid artery were 
resected at various times. 

The dogs were divided into four groups (Table). In group 1(n=6), 
the endarterectomized segments and contralateral control carotid 
arteries were resected immediately following intimectomy. Blood 
flow was restored prior to resection for ten minutes in group 2 
(n= 4), for three hours in group 3 (n = 6), and for 24 hours in group 4 
(n=6). Animals in the last group were awakened from anesthesia 
and reanesthetized for arterial harvest. 

The fibrin plate lysis technique of Astrup and Mullertz' (Fig 2) 
was used to assess FAA. Plates were prepared using human 
fibrinogen dissolved in a barbital sodium buffer and precipitated 
with bovine thrombin in a 100-mm Petri dish. Each fibrin plate 
contained 30 mg of fibrinogen, and the plates were stable for three 
weeks at 4°C and for longer than 48 hours at 37°C. 

Three punch biopsy specimens (6 mm) were taken from each 
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Fig 1.—Experimental model (see text). 





Fig 2.—Fibrin plate showing 
specimen from arterial wall. 


intimectomy segment and three from the contralateral control 
carotid artery, using a standard dermal punch. The biopsy spec- 
imens were plated individually with the intima in contact with the 
fibrin and incubated for 24 hours at 37°C. Tissue fibrinolytic 
activity was terminated by adding 10 mL of 1% trichloroacetic acid 
to the fibrin plate after completion of incubation. Five minutes 
later, the acid was decanted and the zones of fibrinolysis were 
measured with an electronic planimeter. Measurements for the 
three samples from each intimectomy specimen were averaged and 
expressed as a ratio of the average control activity for each animal 
(Table). Mean ratio and SD for each group were then calculated. 
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Fig 3.—Mean fibrinolytic activator activity (FAA) of intimectomized 
vessel, expressed as percent of control for each group, returns to 
normal values over time. 


The data were analyzed using the t test for nonpaired means on a 
programmable electronic calculator. 


RESULTS 


Mean FAA, expressed as percent of control for each 
group of animals, is shown in the Table. Activity was 
depressed markedly in groups 1 through 3 (mean, 60.7%, 
70.1%, and 79.7%, respectively); group 4 endarterec- 
tomized segments had return of normal fibrinolytic activity 
over time, with a mean ratio of 94.3% (Fig 3). Mean FAA for 
group 3 was statistically different from groups 1, 2, and 4 
(P<.01, P<.03, P<.02, respectively), and mean FAA for 
group 4 was different from groups 1 through 3 (P<.01, 
P<.02, P<.01, respectively). 
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COMMENT 


The fibrinolytic system (Fig 4) is a crucial limb of the 
entire coagulation process. Fibrin formation, catalyzed by 
thrombin, is central to thrombosis, hemostasis, and tissue 
repair.” The reaction may be reversed when fibrin is de- 
graded by the enzyme plasmin, formed from its protein 
precursor plasminogen in a reaction catalyzed by plas- 
minogen activator. 

This catalyst, measured as FAA, is present in blood, 
tissues, and urine (urokinase). Vascular endothelial cells 
may synthesize FAA,’ as may cells of certain neoplasms.‘ 
Blood FAA secretion is dynamic and exhibits diurnal and 
exercise-related variations.” Blood FAA decreases with 
advancing age’ and is depressed in diabetes’ and essential 
hypertension.*® 

Surgical trauma has been shown to decrease vascular 
endothelial FAA in a canine jugular vein model.’ Venous 
distention” and arterial embolectomy" have a similar ef- 
fect. The depression of FAA suggests a mechanism for 
vascular thrombosis following surgical manipulation of ves- 
sels. 

Data in the present study indicate that canine arterial 
FAA is significantly depressed at the endarterectomy site. 
There is a time course to this local depression of FAA: the 
decrease is most marked in the immediate period after 
intimectomy (group 1), after which there is then a gradual 
return of FAA to normal values, with near-complete resto- 
ration seen at 24 hours (Fig 3). 

The return of FAA that is observed over time may be the 
result of generation by subintimal structures of fibrinolytic 
factors that protect against thrombosis or delivery through 
the circulation of such factors. Whatever the source, this 
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Fig 4.—Scheme showing fibrin generation, catalyzed by thrombin, 
and fibrinolysis to split products, catalyzed by plasmin. Fibrinolytic 
activators enhance plasmin formation from plasminogen. 


ability is diminished initially. Early thrombosis of arteries, 
veins, and even prostheses” may be due, at least in part, to 
this substantial depression of FAA. The temporal nature of 
its return may suggest that logical postoperative therapy 
include anticoagulants or antiplatelet drugs in the first 24 
hours. 

Pharmacologic induction of fibrinolysis using exogenous 
activators such as streptokinase or urokinase is now stan- 
dard therapy in certain thrombotic conditions. Future 
investigation should include further characterization of 
endogenous circulating and local activators in health and 
disease. Modulation of their activity may then become a 
realistic goal. 
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In Other AMA Journals 


ARCHIVES OF DERMATOLOGY 


Malignant Pyoderma or Pyoderma Gangrenosum of the Head and Neck? 
Stuart Wernikoff, MD; Carolyn Merritt, MD; Robert A. Briggaman, MD; David T. Woodley, MD 


Malignant pyoderma is a rapidly progressive ulcerating process of unknown origin that predominantly 
affects the head and neck of young adults. Malignant pyoderma has been considered distinct from pyoderma 
gangrenosum because of the predominant head and neck location of the ulcers and because the ulcers lack 
undermining and surrounding erythema. A case of a 22-year-old woman with a severe ulcerative process 
predominantly affecting the head and neck is described. A review of the literature indicates that malignant 
pyoderma and pyoderma gangrenosum are almost certainly identical disorders (Arch Dermatol 1987;123: 


371-375). 
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Arterial Regeneration Over Polydioxanone 
Prostheses in the Rabbit 


Howard P. Greisler, MD; Joan Ellinger; Thomas H. Schwarez, MD; 


John Golan, MD; Richard M. Raymond, PhD; Dae Un Kim, MD 


è We analyzed histologic, ultrastructural, and functional 
characteristics of rabbit aortic conduits regenerated over 
absorbable polydioxanone prostheses. Twenty-eight poly- 
dioxanone-elicited prosthesis/tissue complexes harvested 
two weeks to 12 months following implantation were analyzed 
grossly; photographed; sectioned for light, scanning, and 
transmission electron microscopy; and studied for compli- 
ance, bursting strength, and prostacyclin and thromboxane 
metabolite contents. No aortic-related deaths or hemorrhages 
occurred. Smooth regenerated conduits without stenoses 
were seen in 27 of 28 specimens, with one small aneurysm. 
Transprosthetic myofibroblast migration and proliferation par- 
alleled the kinetics of macrophage-mediated prosthetic dis- 
solution, which was consequently delayed compared with 
polyglycolic acid prostheses. Confluent endothelial-like lumi- 
nal surfaces were present after two weeks. Progressive inner 
capsular thickening ended after three months at 420 wm. Ex 
vivo compliance curves resembled arterial elasticity. Regene- 
rated tissue withstood 1200 mm Hg of systolic pressure, and 
6-keto—prostaglandin F,, to thromboxane B, ratios did not 
differ from normal control specimens. 

(Arch Surg 1987 ;122:715-721) 


Sg studies using animal models'” have demon- 
strated the replacement of absorbable prostheses by 
regenerated arterial conduits composed of oriented 
smooth-muscle cell-like myofibroblasts beneath confluent 
endothelial-like flow surfaces. While the efficacy of these 
absorbable prostheses was remarkable under the condi- 
tions of the studies, we maintained concern as to whether 
the rate of tissue ingrowth in humans would be sufficient to 
provide the necessary mechanical and biochemical require- 
ments at all times during the relatively rapid dissolution of 
the previously evaluated materials. 

We examined histologic, ultrastructural, and functional 
characteristics of the tissue reactions to the more slowly 
absorbed polydioxanone (PDS, Ethicon, Inc) prostheses in 
the rabbit model. 


MATERIALS AND METHODS 


Forty-three adult female white New Zealand rabbits weighing 3 
to 4 kg were anesthetized with intravenous 2% methohexital 
sodium. The distal infrarenal aortas were replaced by 24 x 4-mm 
inside diameter woven PDS prostheses, using the double end-to- 
end technique described by Greisler.’ Prostheses were implanted 
following preclotting and using continuous 7-0 polypropylene 
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sutures for the anastomoses. Postoperatively, the animals were 
provided a standard diet and routine care until they were killed at 
varying times ranging from two weeks to one year following 
surgery. Prior to killing, the prostheses and/or regenerated blood 
vessels were then resected from the 28 still-living anesthetized 
animals. 


Light Microscopy 


Following fixation of all 28 specimens in 40% buffered neutral 
formaldehyde solution, 5-um longitudinal and cross sections of 
tissue embedded in paraffin were stained with hematoxylin-eosin, 
Masson trichrome, periodic acid—Schiff, and elastin, as described 
previously.’ 


Tissue Thickness Measurements 


The inner capsule (IC) thickness was defined as the thickness of 
the tissue found between the lumen and the prosthesis. This 
included both the cellular elements and the intercellular matrix. 
Following complete prosthetic dissolution, this measurement could 
no longer be determined. After this point, only the total tissue 
thickness, including both IC and outer capsule (OC), could be 
measured. 

The measurements were performed on stained sections under 
light microscopy of all specimens every 2.5 mm along the length of 
the grafted area but not within 2.5 mm of either anastomosis. 
These measurements were then averaged along the length of each 
specimen, as no significant thickness differences were found along 
the length of individual specimens. 


Transmission Electron Microscopy 


Transmission electron microscopy of ultrathin sections (70 nm), 
employing a transmission electron microscope (Zeiss), was per- 
formed on all specimens, using standard techniques previously 
described.’ 


Scanning Electron Microscopy 


Scanning electron microscopy of proximal, middle, and distal 
segments of specimens employing a scanning electron microscope 
(JEOL JSM-35) was performed on all specimens, using standard 
techniques previously described.’ 


Prostaglandin Contents 


All specimens explanted three or six months following surgery 
were opened longitudinally and immediately immersed for 15 
minutes in a solution containing fibrinopeptide A and indomethacin 
to block any further activation of hemostatic pathways and pros- 
taglandin production. A 3-mm-wide transverse strip of IC from the 
junction of the proximal and middle thirds of the specimen was then 
dissected free, returned to the indomethacin solution, and deep 
frozen to —70°C, along with a similarly prepared segment of 
normal aorta from the same animal. The remainder of these 
specimens were evaluated histologically, as described above. 

Frozen tissues were later thawed and subjected to homogeniza- 
tion and sonication. Sonicated homogenates were then centrifuged 





nei eer 


at 1700 g for ten minutes, and aliquots of the supernatants were 
assayed for contents of 6-keto-prostaglandin F, (PGF,,) and 
thromboxane B,, the stable metabolites of prostacyclin and throm- 
boxane A,, respectively. These assays were performed using 
tritiated radioimmunoassay techniques (New England Nuclear, 
Boston). Total protein contents of the supernatants were per- 
formed by standard colorimetric techniques. Results were ex- 
pressed as both picograms of 6-keto-PGF,, or thromboxane B, 
(TxB,) per 0.1 mL of supernatant and per microgram of total 
protein. These values were then compared with similarly derived 
contents and ratios of the corresponding normal control aortas. 
Significance levels were appropriately determined by Student's 
t test and Mann-Whitney U nonparametric rank order analyses of 


the data. 


Compliance and Tensile Strength Studies 


A randomly selected specimen explanted two months following 
surgery underwent ex vivo compliance and tensile strength stud- 
ies. A pulsatile pump (Harvard) was set at a cycle of 60 strokes per 
minute with a 1:2 ratio of systolic to diastolic time. Saline solution 
was thus infused through the explants with lateral wall pressures 
monitored by a pressure transducer (Gould Statham P23 ID) 
connected to the afferent appropriate diameter Tygon tubing. 
Continuous simultaneous diameter measurements were made us- 
ing sonomicrometric techniques. Paired 2-mm’ ultrasound crystals 
were affixed opposite each other onto the specimen. The ultra- 
sound time delay between transmitter and paired receiver was 
converted to distance between the crystals, and these continuous 
diameter data were then charted along with the pressure data ona 
strip recorder. Systolic and mean pressures were then increased 
from the physiologic range to 1250 and 417 mm Hg, respectively, by 
increasing either the flow rate or the distal resistance. The 
sensitivity of the amplified sonomicrometric signed analysis was 
better than 0.1mm. The specimen was then opened longitudinally 
and evaluated under x 2.5 loupe magnification and sectioned for 
histologic analysis. This specimen was not included in the tissue 
thickness studies. 


RESULTS 
Specimens were explanted from 28 of the 43 rabbits at the 
following postimplantation intervals: 


Postimplantation Interval No. of Specimens 


The remaining 15 rabbits died postoperatively and under- 
went autopsies. No rabbit died of graft-related complica- 
tions, including hemorrhage, occlusion, or graft infection. 
The most common cause of death was an interstitial hemor- 
rhagic pneumonia. 

Among the 28 explants, no evidence of perigraft hema- 
toma, hemorrhage, false aneurysm, thrombosis, or graft 
infection was observed. The PDS material progressively 
dissolved and was no longer seen histologically at six 
months and beyond. The elicited tissue reaction replacing 
the prosthetic material formed regenerated aortic conduits 
with the following gross characteristics: parallel walls 
(original diameter), 96.4% (27/28); true aneurysmal dilata- 
tion, 3.6% at three months (1/28); and stenosis or occlusion, 
0%. 

All specimens became progressively adherent to the 
surrounding tissues between two weeks and one month 
after implantation. The inner capsule—initially a thin, 
filmy fibrin coagulum—grossly evolved into a thicker, 
smooth, tough, shiny tissue layer between one month and 
three months after implantation and remained grossly 
unchanged thereafter. Anastomotic stenoses were not ob- 
served in any specimen. 


Tissue Thickness 


Measurement of IC tissue thickness demonstrated an 
initial lag period followed by progressive thickening from 
one to three months after implantation (Fig 1). Inner 
capsule thickness at three months measured 420 pm. This 
figure did not differ significantly from the IC thickness 
within polyglycolic acid (PGA) prostheses at two months 
(480 um) reported previously in our laboratory.* The IC 
thickness in the PDS group at three months was still 
apparently progressing. The prosthetic material at six 
months could not be identified; consequently, the IC mea- 
surements could not be performed. However, no further 
increase in total tissue thickness occurred after three 
months, and it is thus likely that the IC thickening stops 


: os : between three and six months. Such thickening kinetics 
hints 4 correspond to the time course of PDS dissolution. This 
ih 4 relationship was demonstrated previously by our labora- 
6 nin 4 tory with PGA prostheses.’ 

6:mo 5 Minimal IC thickness variability was observed along the 
12 mo 2 length of individual specimens. 


Contents of Prostaglandin Metabolites* 


Mean + SEM 
Partial Dacron/ 


Partial 
Dacron 


PDS/Normal 


Control Normal Control 


6-Keto-PGF,,, 
0.17+0.02 


0.06 + 0.02 


38.00 + 5.60 
1.70+0.23 


6.30 + 1.30 
0.09 + 0.02 


0.44 +0.12 
0.25 + 0.08 


36.00 +7.00 
1.60 +0.36 


19.00 +9.00 
0.39+0.17 


pg/0.1 mL of supernatant 


pg/g of total protein 


Thromboxane B, 
pg/0.1 mL of supernatant 


pg/g of total protein 


6-Keto-PGF,,, to 
thromboxane B, ratio 1.62+0.70 1.85+0.61 


*PGF indicates prostaglandin F; PDS, polydioxanone (Ethicon, Inc). 


1.20+0.34 
0.57 + 0.34 


52.00 + 17.00 
2.00 + 0.52 


34.00 + 7.80 
0.59+0.21 


0.49 + 0.09 
0.29 + 0.07 


32.00 + 12.00 
1.36+0.44 


11.00+1.70 
0.25+0.04 


0.88+0.17 0.24+0.08 1.04+0.26 0.37+0.17 
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Fig 1.—Inner capsule tissue thickness within polydioxanone (PDS), 
polyglycolic acid (PGA), and Dacron prostheses. Vertical lines 
indicate +1 SD. 


Histologic Studies 


The cellular reactions to PDS prosthetic implantation 
were followed closely. Initially, the prostheses were lined 
with thin fibrin coagula containing fibrin, red blood cells, 
platelets, polymorphonuclear leukocytes, and mononuclear 
cells, as is true of all porous synthetic prostheses. Macro- 
phage infiltration of the interstices was seen at two weeks 
but was much greater and was accompanied by identifiable 
PDS intracytoplasmic inclusions, within macrophages and 
giant cells, at two and three months (Fig 2). The initial IC 
fibrin coagulum at two to three weeks became progressively 
replaced by spindle-shaped mesenchymal cells. These cells 
were present in large numbers in the OCs and infiltrated 
the prostheses’ interstices. Their transinterstitial migra- 
tion and deposition in the ICs initially included skip areas 
throughout the length of the specimens. The entire luminal 
surface at two to three weeks was predominantly cellular. 

At one month (Fig 3, top), the IC was composed of 
circumferentially and longitudinally oriented smooth-mus- 
cle cell-like myofibroblasts beneath a confluent endothelial- 
like luminal surface. The still-intact prostheses remained 
densely infiltrated by round macrophages and spindle- 
shaped myofibroblasts. The OC contained well-vascularized 
connective tissue elements, including capillary formation. 

At two months (Fig 4, top), there were increasing num- 
bers of IC myofibroblasts. The flow surface remained a 
confluent cellular layer. Capillary infiltration into the ICs 
was seen (Fig 5, top and bottom left). Capillary transgres- 
sion through the wall, communicating with the luminal 
surface of the prosthesis/tissue complex, was documented 
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Fig 2.—Top, Three-month polydioxanone (PDS) specimen showing 
PDS inclusions within cytoplasm of phagocytizing giant cells (hem- 
atoxylin-eosin, x 400). Bottom, Three-month PDS specimen seen 
above showing giant cell homogeneous PDS inclusion within giant 
cell cytoplasm (hematoxylin-eosin, x 5400). 


(Fig 5, bottom right). These capillary endotheliallike cells 
were confluent with the cellular aortic luminal surface. At 
three months (Fig 3, bottom), the prosthesis was becoming 
attenuated. The macrophage infiltration of the interstices 
remained dense, and the IC deposition of circumferentially 
and longitudinally oriented smooth-muscle cell-like myo- 
fibroblasts amid a dense fibroplasia was extensive. The 
confluent endotheliallike luminal surface remained intact. 

At six and 12 months, no prosthetic material could be 
identified, and the macrophage and giant cell populations 
were greatly diminished. The regenerated tissue wall main- 
tained its confluent cellular flow surface at all times (Fig 4, 
middle). The “subendothelial” intercellular matrix ap- 
peared more dense than previously, likely a reflection of 
increased collagen deposition and alterations of collagen 
cross-linking. Minimal lipid or calcium infiltration was seen 
through 12 months. 

Scanning electron microscopy (Fig 4, bottom) demon- 
strated confluent cellular luminal surfaces in all specimens 
examined at one month or more following implantation, 
with cobblestone appearances suggestive of endothelium. 
Minimal adherence of blood components, including plate- 
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Fig 3.—Top, Section of polydioxanone specimen at one month 
showing incorporation of prosthesis into continuous inner and outer 
capsular cellular reactions. Inner capsule is predominantly myo- 
fibroblasts and intercellular collagen and is thicker than in two-week 
specimens. Denser macrophage infiltration of interstices is also 
seen (hematoxylin-eosin, x 95). Bottom, Section of polydioxanone 
specimen at three months showing attenuated prosthesis being 
engulfed by giant cells. Transinterstitial invasion into inner capsule 
of spindle-shaped myofibroblasts and their circumferential and 
longitudinal orientation amid dense fibroplasia within now-thicker 
inner capsule is shown. Luminal surface is confluent endothelial- 
like layer (hematoxylin-eosin, x 95). 


lets, to the surface was seen. 

Transmission electron microscopy (Fig 6, top) demon- 
strated numerous primitive mesenchymal cells with mini- 
mal organelle development in the prostheses’ interstices 
and migrating into the ICs at two and three weeks. At later 
times—through three months—there appeared to be a 
differentiation of these primitive IC cells into well-devel- 
oped myofibroblasts (Fig 6, middle). Those myofibroblasts 
located in the OC contained extensive rough endoplasmic 
reticulum and a well-developed Golgi apparatus (Fig 6, 
bottom). Those located nearer to the lumen appeared 
progressively more characteristic of smooth-muscle cells, 
with abundant myofilaments and dense bodies. After three 
months, cellular ultrastructure remained stable. The domi- 
nant structural element within the intercellular matrix was 
collagen. 
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Fig 4.—Top, Midportion of polydioxanone (PDS) specimen at two 
months showing smooth confluent layer of endothelial-like cells on 
luminal surface (hematoxylin-eosin, x 390). Middle, Midportion of 
PDS specimen at 12 months showing maintenance of smooth 
confluent layer of endothelial-like cells on luminal surface (hema- 
toxylin-eosin, x 390). Bottom, Luminal surface of midportion of two- 
month PDS showing confluent cellular composition with cob- 
blestone appearance suggestive of endothelium (hematoxylin- 
eosin, x 900). 


Prostaglandin Contents 


Inner capsule tissue from PDS specimens contained 44% 
as much 6-keto-PGF,, as their normal aortic control spec- 
imens per unit of supernatant. This difference was not 
significant at the P<.05 level. The ratio of 6-keto-PGF’,, to 
total protein in the PDS IC was 25% as great as the 
corresponding ratio in the control aorta group (significant 
at P<.05 level). The regenerated tissue contained 
19 pg/0.1 mL of supernatant or 0.39 pg/g of total protein. 
The TxB, content per unit volume of supernatant of the IC 
within PDS specimens was 49% that of the control group. 
This difference was not significant at the P<.05 level. The 
ratio of TxB, to total protein in the PDS IC was 29% as great 
as the corresponding ratio in the control aorta group, a 
significant difference at the P<.05 level. Regenerated 
tissues contained 11 pg/0.1 mL of supernatant or 0.25 pg/pg 
of total protein. 
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Fig 5.—Top, Midportion of polydioxanone (PDS) specimen at two 
months showing extensive capillary infiltration of inner capsule. 
Also seen are apparent transinterstitial myofibroblast migration into 
inner capsule and layering out of these cells in longitudinal and 
circumferential orientations and smooth cellular luminal surface 
(hematoxylin-eosin, x 250). Bottom left, Midportion of PDS spec- 
imen at two months showing transinterstitial capillary invasion into 
inner capsule perpendicular to luminal surface and its subsequent 
Orientation parallel to luminal surface of specimen (hematoxylin- 
eosin, x 180). Bottom right, Midportion of PDS specimen at two 
months showing capillary invading inner capsule and communicat- 
ing with luminal surface. Endothelial-like cellular luminal surface of 
specimen appears to be continuous with capillary wall. Remainder 
of tissue resembles that seen in top and bottom left portions of this 
illustration (hematoxylin-eosin, x 180). 


The 6-keto-PGF,, to TxB, ratios, which reflect the contri- 
bution of prostaglandins to thromboresistance, did not 
differ between the PDS and the control aorta groups (PDS, 
1.62; controls, 1.85). 


Compliance and Tensile Strength Studies 


Analysis of pulsatile compliance data on a prosthesis/ 
tissue complex two months following implantation demon- 
strated a 3.5-mm progressive increase in diameter over a 
systolic pressure range of 0 to 400 mm Hg. Following each 
cycle of infusion, the diameter returned to initial resting 
levels, with no detectable increase in resting diameter 
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Fig 6.—Top, Polydioxanone (PDS) inner capsule at two weeks 
showing primitive-appearing cells with minimal organelle formation, 
including sparse rough endoplasmic reticulum (curved arrows) and 
scanty peripherally located myofilaments with dense bodies 
(straight arrows) (x 8200). Middle, Inner Capsule near lumen of 
PDS specimen at three months showing differentiated smooth- 
muscle—like myofibroblasts with abundant myofilaments with dense 
bodies (arrows) throughout cytoplasm (x10 900). Bottom, PDS 
outer capsule at three months showing differentiated fibroblastlike 
myofibroblast with well-developed rough endoplasmic reticulum 
(curved arrows) throughout cytoplasm (x11 300). 
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resulting from the pressurization. Pressure levels were 
then increased to 1250 mm Hg (systolic) or 417 mm Hg 
(mean), with no resultant change in diameter tracings. No 
further increase in diameter beyond that found at 
400 mm Hg (systolic) pressure was observed, and, again, no 
change occurred in resting diastolic diameter. The spec- 
imen did not burst at these pressures. 

Following the completion of these studies, the opened 
specimens showed no evidence of neointimal disruption 
when examined under x 2.5 loupe magnification. 


COMMENT 


These studies again demonstrate the extensive capacity 
for regeneration of endothelial and smooth-muscle cell-like 
cells over absorbable trellises. The kinetics of the regenera- 
tive activities parallel the time course of prosthetic dissolu- 
tion, suggesting a causal relationship. The IC thickness 
curve in the PDS group resembled that published earlier in 
similar PGA prostheses, reaching similar maximal thick- 
nesses but, in both cases, at rates paralleling the dissolution 
kinetics of the two materials. Both materials are 
phagocytized by macrophages, as was observed in these 
studies histologically. The relationship between the timing 
of extensive macrophage infiltration, the observation of 
intracytoplasmic prosthetic inclusions, and the transin- 
terstitial migration of mesenchymal cells, followed by their 
proliferation within the ICs was common to both groups. As 
was reported earlier,**’ Dacron prostheses in the same 
model, not infiltrated or phagocytized by macrophages, 
elicited minimal transinterstitial mesenchymal cell migra- 
tion or IC cellularity. Clearly, the prosthesis itself affects 
the regenerative reactions, likely by factors inherent in 
both its composition and construction. 

The factors controlling cellular regeneration are proba- 
bly manifold. However, the correlation between the timing 
and extent of macrophage infiltration and the cellular 
regenerative activity in all of the prostheses studied thus 
far suggests a significant role for the macrophage. Studies 
by other investigators”” employing in vitro tissue culture 
methods and in vivo angiogenesis assays have suggested 
that appropriately activated macrophages can produce a 
factor(s) mitogenic for mesenchymal cells, including 
vascular smooth-muscle cells, fibroblasts, and likely some 
endothelial cell lines. Activation seems to be a by-product of 
the process of phagocytosis. In our studies, the mesen- 
chymal cell migration and deposition in the ICs begins 
within days of the macrophage infiltration, and the kinetics 
of both phenomena are similar. 

A major role for platelet-derived growth factor in control- 
ling these regenerative activities is unlikely. Minimal plate- 
let deposition was observed in these specimens by light 
microscopy or scanning electron microscopy at any time 
following the replacement of the initial fibrin coagulum by 
neointimal tissue. Second, the differences in cellular re- 
population between this PDS group and the previously 
described Dacron group**’ cannot be explained by differ- 
ences in platelet deposition. Third, both platelet-derived 
growth factor and thromboxane A, are released from plate- 
lets during the release reaction. Our measurements of lower 
TxB, contents in these PDS ICs suggest that extensive 
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platelet alpha granule release did not occur. Compliance 
mismatches and high-frequency vibrations secondary to 
uneven PDS dissolution along the length of the prosthesis 
may play a role in modifying the extent of late regenerative 
activity. However, it is highly unlikely that such mechanical 
phenomena are present in this relatively slowly absorbed 
prosthesis as early as two weeks after implantation, when 
cell regeneration is beginning. Roles of these mechanical 
variables in initiating the regenerative phenomena are 
doubtful. 

A small amount of pannus ingrowth was observed within 2 
to 3 mm of either anastomosis. However, the early appear- 
ance of numerous ultrastructurally primitive mesenchymal 
cells in the OC tissue and the prostheses’ interstices, 
followed by the appearance of identical cells in the ICs, 
initially in a noncontiguous fashion, suggests a cellular 
migration from the surrounding tissues to be the source of 
most regenerating cells. The homogenicity of IC thickness 
throughout the length of the prostheses also suggests that 
pannus ingrowth is not the only major source of regenerat- 
ing tissues. 

Cells with both abundant myofilaments, dense bodies, 
and an infolded nuclear membrane, as well as extensive 
rough endoplasmic reticulum, are defined as myofibro- 
blasts. Our transmission electron microscopic studies 
suggested a progressive differentiation of ultrastructurally 
primitive mesenchymal cells into myofibroblasts, with 
those found progressively nearer the lumen being progres- 
sively less fibroblastlike and more similar to smooth-muscle 
cells, with dense bodies and abundant myofilaments, sug- 
gesting a continuum in differentiation between these cel- 
lular phenotypes. 

The significance of the capillary infiltration of the re- 
generating tissues is unclear. This is a likely source of 
nutrients to the tissue. It is also possible that these 
capillaries are a source of endothelial cells, pericytes, and 
myofibroblasts. The relative contributions of invading cap- 
illaries and transprosthetic migration of primitive me- 
senchymal cells to the total population of regenerating cells 
is not known. 

The prostaglandin data are entirely consistent with the 
histologic results. The IC tissues within PDS prostheses 
contain easily measurable quantities of 6-keto-PGF,,, a 
metabolite of prostacyclin, the great majority of which is 
normally produced by endothelial cells. The ratio of 6-keto- 
PGF, to TxB, in these ICs did not differ from the normal 
control aorta group, suggesting that the contribution of 
prostaglandins to thrombogenicity is relatively throm- 
boresistant in the PDS prosthesis/tissue complexes. Un- 
published data from our laboratory show a similar 6-keto- 
PGF, content (32.5% of its control aorta group) in IC 
tissues within prostheses of absorbable polyglactin 910, 
which histologically also demonstrate endotheliallike flow 
surfaces (H.P.G., T.H.S., J.E., June 1985). Inner capsule 
tissues of prostheses containing Dacron and polyglactin 910 
had markedly reduced 6-keto-PGF,, contents (6% to 17% of 
their control aorta groups), consistent with the acellular 
luminal surfaces and relatively acellular ICs in the group 
described herein. Clearly, the prosthetic material affects 
the ultimate ratios of prostacyclin and thromboxane in 
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elicited tissue, with the ratio within these absorbable 
polymeric prostheses being more thromboresistant, con- 
sistent with their more cellular flow surfaces and ICs. 

The compliance studies demonstrate arteriallike elastic- 
ity characteristics of the regenerated tissues. Progressive 
distention to greater than physiologic pressure is compati- 
ble with arterial tissue and is not consistent with ar- 
terialized veins or fibrous tubes, both of which reach 
maximal diameters at less than physiologic pressures” (oral 
communication, P. B. Dobrin, MD, PhD, September 1985). 
These characteristics, along with the demonstrated resist- 
ance to increase of resting diameter following infusions of 
systolic pressures to 1250 mm Hg, in the absence of exten- 
sive elastin and other intercellular contractile proteins, 
suggest active contractile function of the circumferentially 
oriented smooth-muscle—like myofibroblasts. 

Our question as to whether a more slowly absorbed 
prosthesis might more reliably allow for the adequate 
strength necessary to prevent bursting or aneurysmal 
dilatation in species with slower tissue regenerative proper- 
ties was not fully resolved by our study. Certainly, the rate 
of aneurysmal dilatation (8.6%) compares favorably with 
that published previously’ in PGA specimens (15%). How- 
ever, the explanation for this is not clear. While the PDS did 
in fact reabsorb more slowly, the tissue ingrowth also 
increased more slowly, such that the temporal relationships 
between prosthesis dissolution and tissue repopulation 
were similar in both groups. Hence, prolonging the pros- 
thesis’ reabsorption time by itself need not provide en- 
hanced strength of the resultant prosthesis/tissue complex 
at all points in time. Clearly, the ability of two-month PDS/ 
tissue complexes to resist bursting or fatigue following the 
pulsatile infusion of saline at 1250 mm Hg of systolic 
pressure and 417 mm Hg of mean pressure suggests ade- 
quate tensile strength at that time. We demonstrated 
similar tensile strengths and compliance characteristics in 
tissue regenerated for four months following implantation 
of polyglycolic acid prostheses in which no prosthetic mate- 
rial remained (H.P.G., J.E., and R.M.R., unpublished data, 
January 1984). It may be theorized that aneurysmal dilata- 
tion begins when the sum of the strengths of the tissue and 
the prosthetic components to resist dilatation secondary to 
lateral wall pressure are at a combined minimum. Aneu- 
rysmal dilatation would then be likely secondary either to 
an inadequate early combined tensile strength—probably 
secondary to variations in the manufacturing and handling 
of prostheses—or to a late histologic change in the regene- 
rated tissue—a change that has not been detected. Cer- 
tainly, further tensile strength analyses of prosthesis/tissue 
complexes utilizing absorbable prostheses are essential at 
early and late postimplantation times. 

Our studies have demonstrated efficacious regeneration 
of aortic conduits over absorbable PDS prostheses in the 
rabbit, with histologic and functional characteristics of 
endothelial and smooth-muscle cell-like cells. Additional 
work is essential to clarify the source of these cells and the 
factors controlling their migration, proliferation, and func- 
tional activities to further understand how to optimize 
these activities following implantation of vascular pros- 
theses. 
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Invited Editorial Comment 


With this article, we seem to have taken another small step in a 
long journey. “Small” is not disparaging. Since the introduction of 
the fabric vascular substitutes, all steps have been small. After the 
initial enthusiasm and then the failure of vascular homografts, who 
would have thought that we would ever have seen an artificial 
vessel complete with endothelialization, neovascularity, and what 
seems to be a smooth-muscle adventitia? 

There is still a long way to “guided regeneration” of clinically 
important vessels. Restructuring of a young rabbit’s small aorta is 
not the greatest challenge we face in this field. Nevertheless, an 
era of controlled cell growth is here, and new knowledge of cell 
biology is being applied every day. As the authors point out, this 
field will be touched by the new technology. 

New advances in anticoagulant and clot lysis therapy may also 
give us the time to grow endothelialized vessels. As the authors 
point out, more studies are needed to determine how the forces of 
nature can be harnessed to achieve guided regeneration of arteries, 
but the goal seems clear. 

THomAS K. Hunt, MD 
San Francisco 


Polydioxanone Prostheses—Greisler et al 721 


Don't Compromise 


F. 
q 
gas 
i 
3 y j 
1 r! 
Heats 
i 
+7) RE D 
j aci 
Slee al: 
Liem? 
Sots tt 
m e es 


| Cefizox" 
oy active 
against 56% 
of isolates 


active 
against 55% 
of isolates 


_ Cefobid™ 
` Ew active 
_Fortaz’_  EECCUGEEYA 
active m  ofisolates 
against 39% 
of isolates 





Fortaz is a registered trademark of Glaxo Inc 
*Cefobid is a registered trademark of Pfizer Inc 
‘Claforan is a registered trademark of Roussel-Uclaf 
Copyright © 1987 by Merck & Co. Inc ‘+ Cefizox is a registered trademark of Fujisawa SmithKline Corporation 


'22 


against the B. fragilis group? 


94% 


Mefoxın 


active 
against 94% 
of isolates 





Cefoxitin Sodium | MSD 


The Bacteroides fragilis group includes B. fragilis, B. distasonis, B. ovatus, 
B. thetaiotaomicron, B. vulgatus. 

The percentages displayed are a weighted average of the susceptibilities 
reported for these organisms at an MIC breakpoint of 16 mcg/mL 

by the Antibiotic MIC Susceptibility Reports, National Summary, in 

The Bacteriologic Report: Volume | 1986, Totowa, NJ, BAC-DATA® Medical 
Information Systems, Inc. This average was weighted by the frequency 

of isolation of each organism. 


NOTE: /n vitro activity does not necessarily imply in vivo effectiveness. 


MEFOXIN is contraindicated in patients who have shown 
hypersensitivity to cefoxitin and the cephalosporin group of 
antibiotics. 


MEFOXIN is not active in vitro against most strains of 
Pseudomonas aeruginosa and enterococci (e.g., Streptococcus 
faecalis) and many strains of Enterobacter cloacae. 
Methicillin-resistant staphylococci are almost uniformly resistant 
to MEFOXIN. 





S d 
For a Brief Summary of Prescribing Information, please see following page. DOHME 


ia n ee TECER EST BP eet: et ae ia? "i tant <= Wh ae i ad [te a 
` h TiS f 


j N ® J 
IV ee . - 
XAN im (Cefoxitin Sodium! MSD) 
Indications and Usage: Teatment—Serious iniections caused by susceptible strains of the 
designated microorganisms in the following diseases: i 
LOWER RESPIRATORY TRACT INFECTIONS, including pneumonia and lung abscess, caused by TH 0 R AC Í 
Streptococcus pneumoniae fone Diplococcus pneumoniae), other streptococci (excluding | 
enterococci, e.g., Strep. faecalis), Staphylococcus aureus (penicillinase and non-penicillinase 
producing), Escherichia coli, Klebsiella species. Hemophilus influenzae, and Bacteroides 
species. 
GENITOURINARY INFECTIONS. Urinary tract infections caused by E. coli, Klebsiella species, 
Proteus mirabilis, indole-positive Proteus (i.e., P morganii, P rettgeri, and P vulgaris), and 
Providencia species. Uncomplicated gonorrhea due to Neisseria gonorrhoeae (penicillinase 
and non-penicillinase producing). 
INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra-abdominal abscess, caused by 
E. coli, Klebsiella species, Bacteroides species including the B. fragilis group,§ and Clostridium 





p 


Opening for Board Certified/ 
Eligible thoracic surgeon for 


species. 5 ye 
GYNECOLOGICAL INFECTIONS, including endometritis, pelvic cellulitis, and pelvic inflamma- general thoracic surgery position 
tory disease, caused by E. coli, Ng norrhoeae (penicillinase and non-penicillinase producing), . . . 
Bacteroides species including the B. fragilis group,§ Clostridium species, Peptococcus species, in lar ge HMO. Pr actice located in 


Peptosireptococcus species, and group B streptococci. 

SEPTICEMIA caused bY Strep. pneumoniae (formerly D. pneumoniae), Staph. aureus (penicil- 
linase and non-penicillinase producing), E. coli, Klebsiella species, and Racers Species 
including the B. fragilis group.§ 

ag om JOINT INFECTIONS caused by Staph. aureus (penicillinase and non-penicillinase 
producing). 


SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (penicillinase and non- hospital. Excellent compensation 
penicillinase producing), Staph. epidermidis, ap (excluding enterococci, eg Sap package. Senior Physician 
C is 


faecalis), E. coli, P mirabilis, Klebsiella species, Bacteroides species including the B. fragi ay EE 
group,§ Clostridium species, Peptococcus species. and Peptostreptococcus species. eligibility after two years Forward 
started while awaiting these results. Cefoxitin is not active in vitro against most strains of Pseu- reply and CV to: 


the Portland metropolitan area, 
with office adjacent to 220-bed 


Although appropriate culture and susceptibility studies should be performed, therapy may be 


domonas melt woe and enterococci (e.g., Strep. faecalis) and many strains of Enterobacter clo- 

acae. Methicillin-resistant staphylococci are almost uniformly resistant to cefoxitin. 

Sree nlmeicatione: Previous hypersensitivity to cefoxitin and the cephalosporin group of anti- 
iotics. 

map: BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DE- 

TERMINE PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFOXITIN, CEPHALOSPORINS, 

PENICILLINS, OR OTHER DRUGS GIVE WITH CAUTION TO PENICILLIN-SENSITIVE PATIENTS. 


ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEM- Regional Medical Director 


ONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. IF AN ALLERGIC REAC- 

eT te ne tect weak ee 
K soe: agen tang eon yje o hai p arce teat in severity, has corre 3600 N. Interstate Ave. 
ported with virtua antibiotics (including cephalosporins); therefore, itis im- 

portant to consider its diagnosis when Giuvhes Fpa atan à association with Portland, OR 97227 


antibiotic use. Broad-spectrum antibiotics alter normal flora of colon and may permit over- 
growth of clostridia; a toxin produced by Clostridium difficile is a primary cause of antibiotic- 
associated colitis. Mild cases may respond to drug discontinuance alone; in more severe cases, 
management ei include sigmoidoscopy, appropriate bacteriological studies, fluid, electrolyte 
and post sip ementation, and use of a drug such as oral vl isolation of the patient 
may be advisable. Other causes of colitis should also be considered. 

Precautions: General— Total daily dose should be reduced in patients with reduced urinary out- 
put due to renal insufficiency because high and prolonged serum antibiotic concentrations can 
occur from usual doses. Prescribe with caution in patients with a history of gastrointestinal dis- 
ease, particularly colitis. Prolonged use may result in overgrowth of nonsusceptible organisms; 
repeated evaluation of the patient's condition is essential. If superinfection occurs, take appropri- 


ale measures. 
Drug Interactions—\ncreased nephrotoxicity has been reported following concomitant adminis- INDEX TO ADVERTISERS 


tration of cephalosporins and aminoglycoside antibiotics. . 
Drug/Laboratory Test Interactions—High concentrations (> 100 mcg/mL) may interfere with 
measurement of serum and urine creatinine levels by the Jaffé reaction and produce false in- 
creases of modest degree in creatinine levels reported; serum samples should not be analyzed for A 
oe if withdrawn Upe 2 ae sa coe a le petra si may iol 
‘fere with measurement of urinary 17-hydroxy-corticosteroids by the Porter-Silber reaction an : : . 
produce false increases of modest degree in levels reported. À bolse-nosiihe reaction for glucose Albert Einstein College of Medicine 
in urine has been observed with CLINITEST !! reagent tablets. j 

Carcinogenesis, Mutagenesis, Fertility Impairment—No long-term animal study has been per- 
formed on carcinogenic or mutagenic potential. Ral studies at approximately three times maxi- 

mum recommended human dosage revealed no effects on fertility or mating ability. M 
Pregnancy Category B—Reproduction studies in rats and mice did not reveal teratogenic or fetal 





oe ere ae aed uye nee ey! ohne In aS thee was po a Merck Sharp & Dohme, Division of 
with a high incidence of abortion and maternal death, neither considered teratogenic. There are, 
however, no adequate and well-controlled studies in pregnant women. Because animal reproduc- Merck & Company, Inc. ...........seceeeeeeees 722-724 


tion studies are not always predictive of human response, this drug should be used during preg- Moss Tubes, Inc. 
nancy only if clearly needed. . | i 

Nursing Mothers—Excreted in human milk: Exercise caution. 

Pediatric Use—Satety and efficacy in infants from birth to three months have not yet been estab- 
lished. In children three months and older, higher doses have been associated with increased inci- 
dence of eosinophilia and elevated SGOT. 


Adverse Reactions: The most common adverse reactions have been local reactions following 
intravenous or intramuscular injection. Other adverse reactions have been encountered infre- Northwest Permanente, P.C. .........+++++++eseee0es 724 
quently. Local Reactions—Thrombophlebitis with intravenous administration; pain, induration, Norwich Eaton Pharmaceuticals, Inc. ................ 625 


and tenderness after intramuscular injections. fel Reactions—Rash (including exfoliative 
dermatitis), pruritus, eosinophilia, fever, and other allergic reactions including anaphylaxis. Car- 
diovascular —Hypotension. Gastrointestinal—Diarthea, including documented pseudomembra- 
nous colitis during or after treatment, and, rarely, nausea and vomiting. Blood—Eosinophilia, R 
Sopena inclu ng Ling deg naopen arona neung wey her ce 
thrombocytopenia, and bone marrow depression. A positive direct Coombs test may develop in . tes 
some individuals, especially those with azotemia. Liver Function-—Transient elevations in SGOT, Roche Laboratories, Division of 

SGPT, serum LDH, and serum alkaline phosphatase. Pena! Function—Elevations in serum creati- Hoffmann-La Roche, Inc. Cover 2-622 
nine and/or blood urea nitrogen levels and, rarely, aeute renal failure. 

Note: In group A beta-hemolytic streptococcal infections, therapy should be maintained for at 
least 10 days to guard against the risk of rheumatic fever or glomerulonephritis. In staphylococcal 
and other infections involving a collection of pus, pee drainage should be carried out where 
indicated. Intramuscular injections should be well within the body of a relatively large muscle 


SmithKline Beckman Corporation ... . 632-634, 636, 729-730 
Stuart Pharmaceuticals Cover 3-Cover 4 


such as the upper outer quadrant of the buttock ET gluteus maximus); aspiration is necessary to 
avoid inadvertent injection into a blood vessel. The total daily dosage in infants and children 
should not exceed 12 grams. 

How Supplied: Sterile cefoxitin sodium in vials, infusion bottles, and ADD-Vantage”’* vials 
containing 1 gram or 2 grams cefoxitin equivalent and in 10-gram bulk bottles. 


5 B. fragilis, B. cistasonis, B. ovatus, B. thetaiolaomicron, B. vulgatus While every precaution is taken to ensure accuracy, we cannot guarantee 

| Registered trademark of Ames Company, Division of Miles Laboratories, Inc M S D against the possibility of an occasional change or omission in the preparation 
# Registered trademark of Abbott Laboratories, Inc. a of this index. 

For more detailed information, consult your MSD Representative MERCK 

or see Prescribing Information. Merck Sharp & Dohme, SHARP: 

Division of Merck & Co., INC., West Point, PA 19486 J6MF49R2 (123) DOHME 





724 





rii A aS A E E 


_— o> SS Se A Tre 


The Significance of the Variant Left 
Accessory Hepatic Artery in Surgery for 


Proximal Gastric Cancer 


Alexander S. Lurie, DMedSci 


è During proximal resection of the stomach and gastrec- 
tomy, a large left accessory hepatic artery originating from the 
left gastric artery is sometimes found. When this occurs 
together with absent or weak collateral circulation in the 
corresponding part of the liver, it is necessary to perform 
resection of the left lobe of the liver (0.91% of all cases). This 
tactic can save a patient from the development of lethal 
complications of necrosis of the left lobe. 

(Arch Surg 1987;122:725-728) 


geo to Ostroverkhov and Zabrodskaya,’ the left 
accessory hepatic artery (LAHA), a variant branch of 
the left gastric artery, is encountered in 20% of all autopsies 
(Fig 1). In 6% of autopsies it has a diameter of 1.5 to 2.0 mm 
or greater.” More commonly, the LAHA coexists with the 
left branch of the common hepatic artery. In transection of 
the LAHA during gastrectomy or cardiectomy, circulation 
is maintained in the left lobe of the liver by collaterals from 
the common hepatic artery. In some cases, when these 
collateral arteries are insufficient and the blood circulation 
in the left lobe is completely dependent on the LAHA, its 
closure can lead to necrosis of the hepatic tissue with lethal 
outcome.*® 


MATERIALS AND METHODS 


From 1948 to 1985, I performed 1385 gastric resections for 
cancer. There were 501 total gastrectomies (164 transpleural) and 
267 resections of cardia (253 transpleural). Therefore, the proximal 
part of the stomach was involved in 768 cases. In seven of these 


Accepted for publication Feb 6, 1986. 

From the Oncology Department, Central Hospital of Kaliningrad, USSR. 

Reprint requests to Matrosov Projezd, 5a kw 7, Kaliningrad, Moscow 
Division, 141070, USSR (Dr Lurie). 


Arch Surg—Vol 122, June 1987 


patients (0.91%), a large LAHA responsible for the blood supply of 
the entire left lobe of the liver had to be severed. 

Until 1962 (14 years), I divided all the elements of the small 
omentum and had not encountered necrosis of the left lobe of the 
liver. On April 9, 1962, during transpleural resection of cardiac 
cancer in patient 1 (47 years old), I transected an LAHA 1.5 mm in 
diameter. Widespread necrosis of the left lobe of the liver followed 
the operation, along with a fall in blood pressure, marked tachycar- 
dia, and tachypnea. There were no peritoneal symptoms. The 
patient died on the third postoperative day. The autopsy showed 
that the common hepatic artery went mainly into the right lobe of 
the liver, with a very thin branch going to the quadrate lobe and an 
even thinner branch to the left lobe. 

This observation raised a question about surgical tactics in the 
presence of an LAHA wider than 1.5 mm. 

Since that time, I have had to divide large LAHAs that were 
responsible for the blood supply of the left lobe of the liver in six 
additional patients. In patient 2 (July 9, 1973), during abdomi- 
nothoracic extirpation of the stomach with resection of the lower 
segment of esophagus in the presence of a very large (>2-mm) 
LAHA, the left liver lobe was removed entirely, with ligation of the 
veins and the bile duct. Narrow tampons and two drains were 
placed in the liver wound, which had been partially exteriorized by 
suturing to the peritoneum in the upper corner of the midab- 
dominal incision. Healing took place relatively smoothly, with the 
formation of a small bile fistula on the seventh day. This fistula 
closed in two weeks. The patient lived for 3% years after the 
operation. 

Lobectomy of the left lobe of the liver was successfully repeated 
in one other case. Patient 3 is still alive ten years after the 
operation. In three other patients, a small part of the left lobe was 
left deep in the wound. In two of them (patients 4 and 5), healing 
was uneventful. In patient 6 (March 28, 1973), the significance of 
the LAHA in the nutrition of the corresponding liver tissue was 
extraordinary. The small remaining part (5 x 1.5 cm) of the left lobe 
sequestered on the 12th day and came out together with the staples 
by which the liver tissue had been mechanically stitched after 
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Fig 3.—Blood supply to liver in patient 7. 1 ‘ndicates left accessory 
hepatic artery; 2, common liver arten} 3, celiac artery; 4, 
gastroduodenal artery; 5, left gastric ariery; 6, right accessory 
hepatic artery; and 7, splenic artery. 


resection. The bile fistula persisted for three weeks, and the 
patient was discharged in a satisfactory condition. Such a fair 
outcome was due to my practices of suturing the edges of parietal 
peritoneum in the upper segment of the wound to the edges of the 
liver wound (Fig 2) and of plugging the area of the hepatic wound 
from outside. 

In patient 7 (47 years old, Dec 25, 1975), an extremely rare 
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Fig 1.—Blood supply to liver with left accessory hepatic artery. 1 
indicates left accessory hepatic artery; 2, common hepatic artery; 
3, celiac trunk; 4, gastroduodenal artery; and 5, left gastric artery. 


Fig 2.—Exteriorization of liver wound. Peritoneum is sutured 
edges of liver wound. 1 indicates cutis; 2, muscular layer; and 
peritoneum. 
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Fig 4.—First variant of left accessory hepatic artery. 1 indicates le 
accessory hepatic artery; 2, common hepatic artery; 3, celiac truni 
4, gastroduodenal artery; and 5, main trunk of left gastric artery. 


situation was encountered. In addition to the left lobe, the LAH. 
fed the quadrate, the spigelian, and part of the right liver lobe 
There were two gastric tumors. One (8x8 cm), in the cardia an 
along the posterior wall, was invading the esophageal ostiun 
pancreas, and splenic vessels, and the other (5x5 cm) was in th 
gastric corpus. There was a solitary metastasis into a lymph nod 
in the cardiac region. A large arterial trunk from the left gastri 
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artery toward the liver was found after mobilization for pan- 
creatosplenic resection. It was decided to remove all of the left lobe 
of the liver. I made sure of the presence of pulsation inside the 
hepatoduodenal ligament and performed the resection with liga- 
Keon of the branch of the portal vein and one of the hepatic veins. 
e wound surface of the liver bled slightly. It was treated with 
extraperitonization and plugging. The gastrectomy ended with 
raun’s anastomosis. The patient died on Dec 28. Autopsy showed 
t necrosis of the liver had spread to the quadrate lobe, spigelian 
obe, and part of the right lobe, causing death. The liver appeared 
to be mainly fed by the LAHA. The common hepatic artery sent 
very thin branches toward the quadrate lobe that did not reach it 
and went mainly into the gastroduodenal artery. The right “acces- 
sory” hepatic artery came off the aorta slightly higher than the 
superior mesenteric artery and was considerably thinner than the 
LAHA. It fed only a part of the right lobe of the liver (Fig 3). 


COMMENT 


It is possible to assess the role of the LAHA in the blood 
supply of the left lobe of the liver by checking the bleeding 
from the corresponding part of the liver after clamping the 
artery. Considerable bleeding would point out the suffi- 
ciency of intrahepatic collateral arteries. Otherwise, it 
becomes necessary to preserve, if possible, the large 
LAHA for the security of the left lobe of the liver or else to 
resect the latter. 

In thin subjects, a LAHA of considerable diameter can be 
easily found in the left part of the small omentum. With 
abundant fat deposition in the small omentum, even a large 
LAHA may be inaccessible by direct examination but can 
be palpated. 

There are two variant types of LAHA. In the first 
variant, the artery originates from the initial segment of the 
left gastric artery (Fig 4). During gastrectomy, the latter 
reveals itself above the pancreas, the lymph nodes are 
pushed toward the periphery, and two or three small 
branches to the stomach are ligated. The main left gastric 
artery can then be divided distal to where the LAHA 
branches off. 

In the second type of LAHA (Fig 5), which is encountered 
considerably more often, six to ten branches issue from the 
gastric artery to the stomach, and the LAHA becomes the 
gastric artery’s voluminous ending branch. 

The preservation of the LAHA is feasible only if the 
tumor has not gone beyond the gastric serosa. 

In 12 cases, I have successfully separated the left gastric 
artery and ligated each of its branches to the stomach 
separately to preserve the LAHA, with the removal of all 
the lymph nodes from the gastropancreatic ligament (Fig 
6). I considered this tactic justified even if the risk of vessel 
transection was uncertain. 

Resection of the left lobe of the liver with transection of a 
large LAHA (over 1.5 to 2 mm in diameter) is a much more 


complicated problem. Berezov’ believed that in this situa- . 


tion it is better not to perform gastrectomy or cardia 
resection. 

I am convinced that giving in is not the only possible 
solution. Broadening the intervention to include resection 
of the left lobe of the liver, suggested here, worked in all but 
two cases. The first case (patient 1) pointed out the se- 
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Fig 5.—Second variant of left accessory hepatic artery. 1 indicates 
left accessory hepatic artery; 2, common hepatic artery; 3, celiac 
trunk; 4, gastroduodenal artery; and 5, main trunk of left gastric 
artery. 


Fig 6.—Preservation of left accessory hepatic artery. 1 indicates left 
accessory hepatic artery; 2, common hepatic artery; 3, celiac trunk; 
4, gastroduodenal artery; and 5, main trunk of left gastric artery. 
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riousness of the matter, and patient 7 had a very rare 
anatomic situation (Fig 3). There was a LAHA from the left 
gastric artery and a right accessory hepatic artery from the 
aorta. The latter went behind the pancreas and portal vein 
and rose to the liver inside the hepatoduodenal ligament. 
The branch from the common hepatic artery to the liver was 
absent, as were sufficient intraorganic anastomoses. 

The second solution, which may be more reasonable, is to 
restore the continuity of the LAHA after its partial resec- 
tion by anastomosing its peripheral part to the splenic 
artery or an intestinal artery. But I have never been able to 





perform such an anastomosis because of the difficulty of 
mobilizing the distal stump of the severed LAHA. 


CONCLUSION 


In proximal resection of the stomach, when a large 
LAHA is found together with absent or weak collatera’ 
circulation in the corresponding part of the liver, it is 
necessary to perform a resection of the left lobe of the live _ 
In 0.91% of these operations, this tactic can save a patier, 
from the development of lethal complications (left lobe 
necrosis). 
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Invited Editorial Comment 


Practical anatomic observations such as those highlighted in Dr 
Lurie’s article have become important in recent years. The variant 
LAHA is in no danger during a selective vagotomy plus pyloro- 
plasty or a proximal gastric vagotomy. But it is at risk during 60% 
distal gastrectomy for duodenal ulcer disease and during near- 
total, proximal, distal, or total gastrectomy for cancer. Many of 
these operations have not been performed by current surgical 
trainees; thus, this nuance of anatomic information may have been 
missed. 

The specifics of the artery and technical considerations for 
prevention of harm to the vessel have been well documented by 
Michels, Friesen, and Griffith. Lurie makes an interesting and, I 
believe, original proposal. He has recognized the need to do an 


immediate left hepatic lobectomy if, in the course of an operation 
for gastric cancer, it becomes necessary to sacrifice an LAHA 1.5 to 
2 mm or greater in diameter. He also suggests another possibility, 
namely, performing an anastomosis between the cut hepatic 
branch and another artery, such as the splenic artery. Lurie does 
not mention the use of microsurgical techniques in the application 
of this idea, but if such techniques are available, they would seem 
worthwhile before partial hepatectomy. 

Certainly, Lurie again has brought to our attention another 
important clinical application of the importance of anatomy to 
surgeons. 

LiLoyp M. Nyuus, MD 
Chicago 
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Noninvasive Venous Examinations as a Screening Test for Pulmonary Embolism 
Mark J. Schiff, MD; Arthur W. Feinberg, MD; James B. Naidich, MD 


Blood clots that cause pulmonary embolism are reputed to arise in the lower extremities in 95% of cases and, 
therefore, testing with noninvasive venous studies has been recommended as a screening method. We 
evaluated plethysmography results and Doppler venous flow sounds for their concordance with pulmonary 
angiograms in a group of patients with suspected pulmonary embolism, and for their concordance with 
venograms in a second group of patients with suspected deep venous thrombosis. Fifty patients had both 
pulmonary angiograms and noninvasive venous studies. Of 16 patients with positive noninvasive studies, ten 
had angiograms positive for pulmonary embolism, and six had negative angiograms. Of 34 patients with 
negative noninvasive studies, 16 had positive pulmonary angiograms and 18 had negative angiograms. The 
positive predictive value was 63% and the negative predictive value was 53%. By contrast, in 125 patients with 
suspected deep venous thrombosis, the positive and negative predictive values of noninvasive studies were 94% 
and 92%, respectively. In this retrospective study, positive noninvasive examinations were useful clinically, 
but noninvasive venous studies were freqently negative in patients with documented pulmonary embolism and 
cannot be used to exclude this diagnosis (Arch Intern Med 1987;147:505-507). 
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“The Effect of Preoperative Internal and 


External Bilary Drainage on 
Mortality of Jaundiced Rats 


Dirk J. Gouma, MD; Julio C. U. Coelho, MD, PhD; Jerry F. Schlegel; Yong F. Li, MD; Frank G. Moody, MD 


e Mortality following abdominal infection induced by cecal 
igation and puncture was studied in rats with obstructive 
jaundice and after relief of the obstruction by preoperative 
internal or external biliary drainage. Four groups of adult 
Sprague-Dawley rats were used: (1) common bile duct ligation 


_ (BDL), (2) BDL followed by internal drainage after two weeks, 
(3) BDL followed by external drainage after two weeks, and (4) 
_sham operation. The serum bilirubin concentration was signif- 


icantly increased in the BDL group and returned to normal 
‘ollowing internal and external drainage. Mortality in the sham 
group was 16.5% and increased to 83.3% following BDL, but it 
decreased significantly (25%) to near-normal values after 
preoperative internal drainage. However, after external 
drainage no significant reduction in mortality (63%) was found. 
These findings confirm the poor results of preoperative exter- 
1al drainage in previous studies and establish the efficacy of 
internal biliary drainage in a well-controlled experimental 
‘model that has to be evaluated in the clinical situation. 
(Arch Surg 1987 ;122:731-734) 


; ollowing the introduction of the percutaneous trans- 
hepatic biliary drainage by Molnar and Stockum in 
1974," decompression of the biliary tract has been used 


frequently to reduce morbidity and mortality associated 


with the definitive surgical treatment of obstructive jaun- 
dice.** The results of this approach, however, have been 
controversial. Hatfield et al,‘ McPherson et al,° and Pitt 
ət al reported no benefit from preoperative drainage in 
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randomized trials of biliary drainage. External drainage 
was performed in most patients in these studies, and this 
procedure has been associated with major complications 
secondary to the use of an external catheter (infection) and 
to the loss of bile from the gastrointestinal tract.”* 

Internal drainage eliminates the adverse effects of infec- 
tion caused by an extenal catheter and also prevents the loss 
of bile. A systemic comparison between internal and exter- 
nal drainage has not been made experimentally or clinically. 

We compared the effects of preoperative internal vs 
external biliary drainage on the mortality following abdom- 
inal infection in rats with obstructive jaundice. We also 
describe a new technique for external drainage. This model 
was an attempt at simulation and it has to be evaluated in 
the clinical situation. 


MATERIALS AND METHODS 
Animals 


All experiments were performed on Sprague-Dawley rats weigh- 
ing between 175 and 220 g. The animals were housed under 
controlled conditions, allowed free access to food and water, and 
subjected to an artificial daylight cycle. Following the placement of 
an external biliary drainage catheter, the rats were housed in 
individual cages to protect the catheter, which was brought to the 
outside as described under “Surgical Procedures.” All surgical 
procedures were clean, but not sterile, and were carried out under 
ether anesthesia. 

The animals were divided into the following four groups: (1) 
common bile duct ligation (BDL) followed by cecal ligation and 
puncture two weeks later (n=15); (2) BDL followed by an internal 
drainage procedure two weeks later and cecal ligation and punc- 
ture one week after drainage (n=16); (3) BDL followed by an 
external drainage procedure two weeks later and cecal ligation and 
puncture one week after drainage (n=11); and (4) sham operation 
followed by cecal ligation and puncture two weeks later (n=18). 
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Table 1.—Changes in Body Weight and Serum Albumin and Creatinine Levels 
After Common Bile Duct Ligation (BDL) and Internal or External Biliary Drainage 


Mean (+ SD) Serum Level 


Mean (+ SD) Body Weight, g Albumin, g/dL (g/L) Creatinine, mg/dL (mol/L) 
eget. 
After After After After After After 
Group Initially BDL Drainage BDL Drainage BDL Drainage 
BDL (n= 15) 199+ 10 216+20 aa 2.4+0.1 nee 1.0+0.1 
(24+1) (90 + 10) 
BDL and internal 190+15 239 + 30 234 +34 2.7+0.2 2.4+0.3 1.2+0.3 1.0+0.1 
drainage (n= 16) (27 +2) (24 +3) (110+30) (90 + 10) 
BDL and external 199+9 224+ 14 216+10 2.1+0.2 2.4+0.4 0.9+0.2 1.0+0.1 
drainage (n= 1 1) (21 +2) (24+ 4) (80 + 20) (90 + 10) 
Sham operation (control) (n = 18) 196+10 232 +33 lt, 3.4+0.2* ae 1.0+0.3 
(34 + 2) (90 + 30) 


*Significant difference (P<.001) compared with other groups at time of cecal ligation. 


Table 2.—Changes in Liver Function Tests Following Common Bile Duct Ligation (BDL) and 
Internal or External Biliary Drainage 


Mean (+SD) Serum Concentration 


Alanine 
Bilirubin, mg/dL Alkaline Phosphatase, Aspartate Aminotransferase, 
(mol/L) U/L Aminotransferase, U/L U/L 
After After After After After After After After 
Group BDL Drainage BDL Drainage BDL Drainage BDL Drainage 
BDL (n= 15) 9.02+ 1.64 PA 373+91 ne 289 +25 “eg 55+9 
(154 + 28) 























7.05+2.04 0.15+0.13 340182 252+ 98 404+ 106 50=14 
(121 +35) (3+2) 


8.91+0.91 0.24 +0.24 430+ 76 
(152+ 16) (4+4) 
0.15+0.15+ 
(3+3) 


*Significant difference (P<.05) compared with group 2 (BDL and internal drainage). 
tSignificant difference (P<.001) compared with other groups. 


BDL and internal 
drainage (n= 16) 


BDL and external 
drainage (n= 1 1) 


Sham operation (control) (n 













431+ 184* 314+57 104+19 77+25 












= 18) 137+85t 





Surgical Procedures into the duodenum and tied in position bya purse-string suture, as 


A 2-em-long abdominal incision was made and the common bile 
duct was ligated and divided, as described by Lee.’ The ligatures 
were placed at the same position in all animals. In rats having a 


Results were analyzed using both the Student’s ¢ test for 
unpaired data and y? analysis. 


and the liver was mobilized to the anterior abdominal wall. The RESULTS 
grossly dilated common bile duct was dissected and punctured bya 
20-gauge needle, and bile was aspirated for culture. A small There was no mortality after the first operation in the 


purse-string sutures. The free end of the Silastic tube, 8 em in 
length, was passed through a subcutaneous tunnel to the lower 
abdominal wall and exteriorized through a 14-gauge tubing 


adapter. The adapter was placed subcutaneously and fixed with a el fuse X y 
9-mm iron clip. The catheter was attached inside the adapterwitha subcutaneous injection of 10 mL of 0.9% sodium chloride to 


suture to prevent removal of the tube. replace fluid loss by bile. The serum albumin levels before 
Internal Drainage.—After placement of the catheter in the the first operation were the same in all groups but de- 
common bile duct, the Silastic tube, 1.5 em in length, was inserted creased significantly (P< -001) after BDL (Table 1). At the 
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time of cecal ligation, the serum albumin levels were 
identical in the two groups of rats with drainage, and both 
values were less than that of the sham group (P<.001). No 
difference in serum creatinine levels was found throughout 
the study (Table 1). 

The increases in the serum bilirubin level of groups 1, 2, 
and 3 two weeks after BDL were similar, and these values 
returned to normal after both internal and external 
drainage (Table 2). The alkaline phosphatase level was still 
elevated after both types of drainage, although levels of 
aspartate aminotransferase and alanine aminotransferase 
decreased to normal values after either drainage proce- 
dure. 

Bile cultures were performed in all animals after BDL, 
and a positive culture was found in three animals, ie, one 
positive culture in group 3 and two positive cultures in 
group 4. 

Mortality after cecal ligation and puncture was higher in 
animals with BDL than in those having the sham operation. 
This difference was significant from day 3 to day 7 (Fig 1). 
After relief of the obstruction by internal drainage, the 
mortality decreased (25%) to a level similar to that of the 
sham group (16.5%). No reduction in mortality, however, 
was observed after external drainage (63%). 


COMMENT 


Surgery in patients with obstructive jaundice is associ- 
ated with increased morbidity and mortality.” Sepsis, renal 
failure, and upper gastrointestinal tract hemorrhage are 
the major causes of mortality.” Preoperative biliary 
drainage has been used frequently during the past years in 
an attempt to reduce the morbidity and mortality associ- 
ated with the definitive surgical treatment of obstructive 
jaundice. An initial report from Nakayama et al? showed a 
significant reduction in mortality, from 28.3% to 8.2%, in 
patients who were subjected to preoperative biliary drain- 
age. Recently, three randomized trials have been reported, 
but in these studies no benefit of preoperative biliary 
drainage has been found. Hatfield et al* reported 14% and 
15%, McPherson et al’ reported 32% and 19%, and Pitt et al 
reported 8.1% and 5.3% mortality in the drainage and non- 
drainage groups, respectively. However, external drainage 
was used in most patients in these studies, and this type of 
drainage is associated with major complications secondary 
to the use of an external catheter. Blenkharn et al’ showed a 
100% incidence of positive bile cultures with the open 
kternal biliary system and a high incidence of bacteremia 
md wound infections. Metabolic changes, such as hypo- 
atremia and hypokalemia, as a result of bile loss have been 
ported by Ferrucci et al.* Norlander et al® observed that 
duction of the serum bilirubin level was less when the lost 
le salts were not replaced. 

Preoperative internal biliary drainage eliminates the 
adverse effects of infection caused by the external catheter 
and also has the advantage of draining the bile to the 
intestinal tract. Experimental studies have shown that 
internal drainage has beneficial effects on wound healing, 
renal function, and recovery of liver function." 

_ The increased mortality in obstructive jaundice that has 
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been reported clinically” and experimentally in rat studies” 
after administration of Escherichia coli endotoxin is con- 
firmed by the present study. Preoperative external biliary 
drainage did not reduce mortality following abdominal 
infection induced by cecal ligation and puncture. However, a 
significant reduction in mortality was observed following 
internal biliary drainage. 

The internal drainage model used in this study has been 
employed previously.” The external drainage method was 
modified. A technique was developed that allowed exteri- 
orization and fixation of the catheter to the lower abdominal 
wall. This technique eliminated the hydrostatic pressure 
observed in other animal models using a receptacle on the 
back of the animal.” Rank and Wilson” reported that the 
hydrostatic pressure of the bile column in the catheter 
caused an element of biliary obstruction. 

The difference in mortality following internal and exter- 
nal drainage observed in our study was not related to the 
magnitude of biliary drainage since both methods reduce 
the serum bilirubin level to normal values. The difference 
can best be explained by replacement of bile into the in- 
testinal tract and reestablishment of the enterohepatic 
cycle of bile salts that is associated with internal drainage. 
Endotoxemia has been reported in biliary obstruction and 
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has been related to the absence of bile salts in the intestinal 
tract.” It is possible that external biliary drainage could 
aggravate this situation. A study of systemic endotoxemia 
after internal and external drainage is in progress to 
explore the validity of this hypothesis. Infection following 
external biliary drainage occurs frequently in clinical stud- 
ies**” and could be explained in this way, or it could be 
caused by the external route. No signs of sepsis, however, 
were found after biliary drainage in this study. 
Preoperative internal biliary drainage reduced mortality 
significantly in this experimental study; the poor results 
reported previously in clinical studies*® could be due to 


removal of bile salts by external drainage. Corroboration of 
this observation would allow improved results of 
preoperative external biliary drainage by replacement of 
bile or use of internal biliary drainage. 

With the introduction (endoscopically) of an endoprosthe- 
sis as an internal drainage system, which does not require 
hospitalization of the patient for the total drainage period, 
the additional cost factor, as mentioned by Pitt et al,® can be 
eliminated. Our study simulates the clinical circumstances, 
and the relevance of these findings has to be evaluated in the 
clinical situation. 
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ARCHIVES OF OTOLARYNGOLOGY-HEAD & NECK SURGERY 
Use of Presculpted, Banked Cartilage Transplants in Ossicular Reconstruction 


Richard A. Chole, MD, PhD 


Ossicular reconstruction was performed in 102 ears using homologous, costochondral cartilage. The 
cartilage was presculpted into a total ossicular replacement or partial ossicular replacement configuration by a 


tissue bank and stored for later use. The preformed transplants were further shaped in the operating room to 
suit the anatomical findings during tympanoplasty. The postoperative hearing results as determined by the 
airbone gap were comparable with those obtained with alloplastic materials (mean gap, 18.6 dB). No extrusions 
occurred; an analysis of hearing after three years showed that 96.7% of the initial hearing improvement was 
maintained in 51 ears available for study. Homologous cartilage in the total ossicular replacement or partial 
ossicular replacement configuration is as effective as alloplastic materials in ossicular reconstruction and it 
does not resorb or extrude with time (Arch Otolaryngol Head Neck Surg 1987;113:145-148). 
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Sclerosing Mesenteritis in a Child 


To the Editor.—Sclerosing mesen- 
teritis is a rare condition of unknown 
origin that has been reported previ- 
ously in seven children.’’ We herein 
report an additional case in a child. 


Report of a Case.—A 5-year-old girl pre- 
sented with increasing abdominal pain of 
seven days’ duration. Her temperature was 
39.2°C, and she appeared moderately ill. 
The abdomen was not distended. There was 
right-sided abdominal tenderness and full- 
ness but no other peritoneal signs. 

The white blood cell count was 
38 200/mm‘* (38.2 x 10°/L), with a severe left 
shift. Barium enema showed a mass on the 
medial wall of the ascending colon. 

At operation, a large amount of cloudy, 
foul-smelling, peritoneal fluid was noted. 
There was a large tumor attached to the 
medial (mesenteric) wall of the right colon 
and the hepatic flexure; it was extremely 
firm and adherent. The appendix and adja- 
cent bowel appeared normal (Figure, top). 
Right hemicolectomy was performed. The 
child has remained well for over 5% years 
following the operation. 

The tumor was an encapsulated firm 
mass measuring 6X65 cm, which was 
embedded in the mesenteric wall of the 
right colon without producing obstruction 
of the intestines. The colonic mucosa ap- 
peared intact (Figure, bottom). Micro- 
scopic examination showed a thick layer of 
fibrous tissue extending from the serosal 
layer of the bowel toward the mesentery. 
The center of the mass appeared hemor- 
*hagic. No malignant cells were noted. The 

e;'ings were believed to be typical of the 
a: tic variant of sclerosing mesenteritis. 


rComment.—Sclerosing mesenteri- 
r- is a disease of unknown origin, 
repected of originating in the mesen- 
‘ic fat. It initially presents as inflam- 
ition, which later progresses to fi- 
‘osis. It is a disease of middle-aged to 
lder persons, with near-equal sex dis- 
ribution. Two varieties exist, the fi- 
ous type common in childhood and 
he inflammatory variant seen in 
dults. 
Only seven cases of sclerosing mes- 
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Top, Opened right colon. No mucosal dis- 
ease is seen. Bottom, Cut surface of tumor 
demonstrates intense fibrosis and hemor- 
rhage with necrosis of center. 
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enteritis? have been reported in chil- 
dren, to our knowledge; three of the 
children were less than 10 years of 
age.’ Our patient is the second girl to 
be described and is the youngest child 
to appear in the literature. 
Commonly, the cecal and right co- 
lonic area are involved mimicking ap- 
pendicitis at presentation. The associ- 
ated bacterial peritonitis, which our 
patient exhibited, has not been noted 
in any other patient. Preoperative 
diagnosis so far has never been made in 
children. In most patients, the oper- 
ative gross findings may actually sug- 
gest a neoplastic disease (despite the 
grossly abnormal operative findings), 
yet some authors advocate nonresec- 
tive therapy (biopsy only); prompt res- 
olution usually followed. A single fatal 
case, in a 14-year-old boy, was reported 
in the literature. However, in most 
instances, no residual problems were 
reported regardless of the extent of 
surgical therapy. 
JUDA Z. JONA, MD 
MARVIN GLICKLICH, MD 
RoGER D. CoHEN, MD 
Milwaukee 
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Heparin Administration After 
Fogarty Catheter 
Thromboembolectomy 


To the Editor.—In “Arterial Thrombo- 
embolism: A 20-Year Perspective,” 
Tawes et al’ strongly advocated the 
routine use of heparin in the post- 
operative management of all patients 
undergoing embolectomy for acute 
thromboembolic occlusion of the lower 
extremity. This is a debatable point,’ 
and our experience in the treatment of 
127 consecutive patients over a three- 
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year period, 1980 to 1983, is contrary to 
their recommendation. 

A total of 155 embolectemies were 
performed, including nine cases of aor- 
tic occlusions and 17 cases of multiple 
occlusions. Elderly atherosclerotic pa- 
tients made up the main bulk of our 
experience. Of the patients, 25% were 
treated after 72 hours or more from 
the time of onset of ischemia, and 
17.5% presented with a severe degree 
of ischemia (neurologic loss of tissue 
damage). We had a 17% mortality rate 
and 6.3% amputation rate calculated 
for patients treated. Sixty-one of the 
patients were treated with heparin 
postoperatively. We were unable to 
demonstrate any difference in mor- 
tality, amputation, or major complica- 
tion rates between those patients and 
` the rest of the group. However, we 
found a higher rate of minor wound 
complications in the patients receiving 
postoperative heparin (36% in the 
heparin-treated group vs 13.6% in the 
rest of the series). These complications 
lengthened the hospitalization from an 
average of 13 days to an average of 22 
days. 

It is our belief that heparin should 
not be given routinely after all embo- 
lectomies but, rather, selectively to 
patients with the following specific in- 
dications: severe disease in the arterial 
tree, less-than-optimal results of the 
embolectomy, long-standing ischemia, 
and old age. The degree of limb 
ischemia at the time of diagnosis, in 
our experience, is the single most im- 
portant factor in determining the out- 
come of the limb and, eventually, the 
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patient’s fate regardless of treatment 
modality. Streptokinase therapy com- 
bined with percutaneous transluminal 
angioplasty and the choice of primary 
amputation should also be considered 
as the surgeon plans the treatment. 
ARIE Bass, MD 
RAPHAEL ADAR, MD 
JACOB SCHNEIDERMAN, MD 
Tel-Hashomer, Israel 
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with arteriosclerosis and arterial emboli. Surg 
Gynecol Obstet 1980;150:54-56. 


Carbon Dioxide vs Air 
in Pneumoperitoneum 


To the Editor.—Astudillo et al’ re- 
cently reported that pneumoperito- 
neum is a valuable adjunct as a prep- 
aratory technique prior to repair of 
ventral hernias. However, the use of 
air for this procedure should be re- 
garded with unease. Reports of air 
embolism from the introduction of air 
into the peritoneum, either diagnosti- 
cally or surreptitiously, has the poten- 
tial for a fatal outcome. Carbon dioxide 
has been used for more recent diagnos- 
tic procedures, such as laparoscopy, 
and embolic accidents with this gas are 
not likely to cause injury. Perhaps, 
with the increasing use of induced 
pneumoperitoneum as an adjunct to 
repair of ventral hernias, the danger of 
using air as the inflating gas should 
stimulate the singular use of a rapidly 


September 


American Association for the Surgery of 
Trauma, September 10-12, Bonaventure Hilton, 
Montreal, Quebec, Canada. 


Annual Meeting of the Society of Thoracic 
Surgeons, Sept 21-23, Metro Toronto Conven- 
tion Center, Toronto, Ontario, Canada. 


October 


New England Surgical Society, October 16-18, 
The Mount Washington, Bretton Woods, New 
Hampshire. 


American College of Surgeons, October 11-16, 
San Francisco. Contact LaSalle D. Leffall, Jr, 
MD, American College of Surgeons, 55 E Erie 
St, Chicago, IL 60611. 


absorbed and excreted gas such as 
carbon dioxide. 
TaD E. GRENGA, MD 
Cleveland 


1. Astudillo R, Merrell R, Sanchez J, et al: 
Ventral herniorrhaphy aided by pneumoperito- 
neum. Arch Surg 1986;121:935-940. 


Costs of Lumpectomy 
vs Mastectomy 


To the Editor.—In the November 1986 
issue of the ARCHIVES, an article? was 
published concerning the greater cost 
of treatment of cancer of the breast 
with lumpectomy and irradiation (in 
properly selected patients) when com- 
pared with radical mastectomy. Unfor- 
tunately, the authors of the article 
neglected to include the cost of recon- 
structive plastic surgery with the cost 
of the mastectomy. It is not reasonable 
to compare lumpectomy, which leaves 
a far more cosmetically appealing, in- 
tact breast, with mastectomy alone, 
which results in deformity and psycho- 
logical trauma. I am certain that if the 
costs of mastectomy and reconstruc- 
tion were added they would be more 
expensive than lumpectomy and irra- 
diation, with the procedures yielding 
approximately the same cosmetic re- 
sults, control of the tumor, and sur- 
vival rates. 

CARLOS A. PEREZ, MD 

St Louis 


1. Mufioz E, Shamash F, Friedman M, et al: 
Lumpectomy vs mastectomy: The costs of breast 
preservation for cancer. Arch Surg 1986;121: 
1297-1301. 


November 


Annual Meeting of The American Association 
for Hand Surgery, Nov 4-8, Caribe Hilton 
Hotel, San Juan, Puerto Rico. Contact Myra 
Josephson, American Association for Hand 
Surgery, 2934 Fish Hatchery Rd, Suite 218, 
Madison, WI 53713. 


Southern Thoracic Surgical Association, Nov 
5-7, Boca Raton, Boca Raton, Fla (312) 
644-6610. 


1988 

March 
ESPEN Scientific Symposium, Current Per- 
spectives in Nutrition and Infection, March 
13-17, Jerusalem, Israel. Contact Dr Herbert R. 


Freund, Symposium Chairman, PO Box 983, 
Jerusalem 91009, Israel. 
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In intra-abdominal and gynecologic infection 


due to indicated organisms 
Switch to 


CEFOTAN.. 


(cefotetan disodium) 





For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE l a: 
TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 


Urinary tract infections caused by E coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganit). 


Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus 
influenzae (including ampicillin-resistant strains), Klebsiella species (including K pneumoniae), 
and E coli. 


Skin and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis ,* Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. 


Gynecologic infections caused by Staphylococcus aureus’ (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis ,* Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species,' and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus species’). 


intra-abdominal infections caused by £ coli, Klebsiella species (including K pneumoniae’), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding 8 distasonis, B ovatus, 
B thetaiotaomicron). 


Bone and joint infections caused by Staphylococcus aureus." 
*NOTE: Some strains of Staphylococcus epidermidis are resistant to cefotetan. 
tEfficacy for this organism in this organ system was studied in fewer than ten infections. 


PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
contaminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, 
transurethral surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the 
clamping of the umbilical cord. 

If there are signs and symptoms of infection, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated. 


CONTRAINDICATIONS 
CEFOTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 


WARNINGS 

Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 

patient has had previous ay Epse ae reactions to cefotetan disodium, eagen, 

paan, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 
ibiotics should be administered with caution to any patient who has demonstrated some form of 

allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 

Serious acute hypersensitivity reactions may require epinephrine and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
rey antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit 
overgrowth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primar 
cause of antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind 
the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should 
be managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not 
relieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for 
pi: aaa pseudomembranous colitis produced by C difficile. Other causes should also be 
considered. 


PRECAUTIONS 

GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 

Ena of nonsusceptible organisms. Careful observation of the patient is essential. If superintection 
oes occur during therapy, appropriate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment, or poor nutri- 
tional state. Prothrombin times should be monitored in patients at risk and exogenous Vitamin K 
administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 


INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by yo sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
ingestion of alcoholic beverages following the administration of CEFOTAN. 


DRUG INTERACTIONS: If CEFOTAN and an aminoglycoside are used concomitantly, renal function 
should be carefully monitored, especially if higher dosages of the aminoglycoside are to be adminis- 
tered or if therapy is prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglyco- 
side antibiotics. Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, 
it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside. 


DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehling’s solution. 

As with other cephalosporins, jo g concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels of Jaffe reaction and produce false increases in the levels of 
creatinine reported. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approx 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 


The cost-effective replacement for cefoxitin 





CEFOTAN” (cefotetan disodium 





developmentally analogous to late childhood and pe prapa in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogo- 
nia and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions 
were dose-dependent; at 120 mg/kg/day i 2-4 times the usual human dose), only 1 of 10 
treated animals was affected, and the degree of degeneration was mild. Similar lesions have Deen 
observed in experiments of comparable design with other methylthiotetrazole-containing antibiotics 
and impaired fertility has been reported, particularly at high dose levels. No testicular effects were 
observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or in infant dogs 

(3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these findings to 
humans is unknown. 


USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal reproductive studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed 


USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations 
Caution should be exercised when cefotetan is administered to a nursing woman 


PEDIATRIC USE: Safety and effectiveness in children have not been established 


ADVERSE REACTIONS 
In clinica! studies the following adverse effects were considered related to CEFOTAN therapy 


Gastrointestinal symptoms occurred in 1.5 percent of patients; the most frequent were diarrhea (1 in 
80) and nausea (1 in 700). 


Hematologic laboratory abnormalities occurred in 1.4 percent of patients and included eosinophilia 
(1 in 200), positive direct Coombs’ test (1 in 250), and thrombocytosis (1 in 300) 


Hepatic enzyme elevations occurred in 1.2 percent of patients and included a rise in SGPT (1 in 150), 
SGOT (1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 


Hypersensitivity reactions were reported in 1.2 percent of patients and included rash (1 in 150) and 
itching (1 in 700). 


Local effects were reported in less than one percent of patients and included phlebitis at the site of 
injection (1 in 300), and discomfort (1 in 500). 


DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or 
intramuscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be 
determined by the condition of the patient, severity of the infection, and susceptibility of the causative 
organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3g every 12 hours IV 


*Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be 
administered as soon as the umbilical cord is clamped. 


IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 


Creatinine Clearance 
mL/min Dose Frequency 
>30 Usual Recommended Dose* Every 12 hours 
10-30 Usual Recommended Dose* Every 24 hours 
<10 Usual Recommended Dose* Every 48 hours 


*Dose determined by the type and severity of infection, and susceptibility of the causative organism 


Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis 


HOW SUPPLIED 

CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium 
equivalent to 1g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1g 
dose is available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. 
The vials should not be stored at temperatures above 22°C and should be protected from light 

1g in 10 mL vial (NDC 0038-0376-10 

2 g in 20 mL vial (NDC 0038-0377-20 

1g in 100 mL vial (NDC 0038-0376-11) 

2 g in 100 mL vial (NDC 0038-0377-21) 


Manufactured for 


STUART PHARMACEUTICALS 


Division of ICI Americas Inc 


Wilmington, Delaware 19897 Rev E 3/86 63967-02 
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Please see adjacent page 
forbrief summary 
of prëscribing information. 
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